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CHAPTER I 
INTRODUCTION 
1. Introduction 
The grade placement of scientific princip_Je s has been 
undertaken by the Boston University School of Education, 
Science Departm~nt, as a project to be carried on through the 
succeeding years under the direction of Dr. John G. Read. 
The experiment will be concluded when enough pupils and 
schools have been inc.luded in the study to make the conclu-
sions statistically significant. As more data are accumu-
.lated, the extent to which the study will have to be 
. carried should become apparent. When a sufficient number 
~f principles has been tested a complete overall report can 
be written giving the conclusions. That is, there will be 
a "percentage of learning11 index for each principle for 
each modal mental age level. From this index it should be 
possible to ascertain that if a certain principle is taught 
to a certain modal mental age level then a certain percent-
age of the pupils can be expected to learn the principle. 
This year both the background for the ·study and the 
design of the experiment are being done under the guidance 
of Dr. Read and Mr. Herbert Oxendine. Also, the first 
group will start the experiment with each experimenter· 
.. 
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taking one principle. The teaching method will be a lecture-
demonstration. The amount o.f learning will be measured by 
identical tests given bef'ore and af'ter the lecture-demonstra-
tion. Data to be gathered ·will ponsist of' the test scores~ 
the pupil's I~Q., M.A., c • .A.¥ sex,. previous science instruc., 
tion and science background, The results to be .found by 
each individual participating in this study will be .for only 
one or two grades in several schools. This will give an in-
dication of the next grade that should be tested depending 
upon the 11 percentage of' le arning1t .for that modal mental age 
level, 
As the study proceeds investigation into these prin-
~ip~ s will be continued and others started until there is 
an index of' the 11 percentage of' learners 11 for each modal 
mental age level for each principle. Each experimenter 
starting a new princ~ple will leave his material .for many 
teachers-in-service to use when he is finished. This will 
include the demonstration, a copy of the script, a tape 
recording of .one of the actual lecture-demonstrations and 
the test. The same material will be used throughout the 
study for the same principle. The sample of schools will be 
chosen each year so that complbte coverage may be made of' 
each socio~economic leVel .for grades 3-12. 
It is assumed for this study that there will exist a 
3 
dirrerence in the percentage or learners at dirrerent mental 
age levels. It is also assumed that the time spent in a 
good demonstration with a carefully prepared talk would pro-
duce a small increment or learning. 
The committee whose responsibility it was to compile the 
data included in the literature as background for this study 
consisted or the following inembers. under the chairmanship of 
Norman G. Mills:: 
Isabel L. Bouin 
John T~ Callahan 
James Creighton 
Wallace J. Gleekman 
Eugene H. Goldrick 
George F. Griffin 
Robert H. Jackman 
Eleanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
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2. Justification 
Very little scientific evidence is available on the 
grade placement of science principles. Because of the 
great increase of scientific knowledge, educators emphasize 
the need for research that will determine the age levels at 
which science concepts,. principles and skills may be intro-
duced into the curriculum with optimum effectiveness. 
Beck1/states that be<;}ause scientific knowledge is 
accumulating at such a rapid rate, there is neither time 
nor excuse for teaching the elementary scientific concepts 
in the higher grades. He points out that the scientific 
background apd foundation prerequisite to an understanding 
of the individual science courses offered in the high 
schools are lacking in the b,eginning students. To find a 
solution to this problem, he suggests that research be 
started to determine, 11 ••• what fundamentals of science can 
we expect most children of similar ability and cultural 
background to master at each maturity level 11 .£:./ 
From a ?regress Report of the Committee on Research 
in Blementary Science for the National Association for 
Research in Science Teaching, Venill3/bel:].eves that with 
1/ Alfred D. Beck, 11 Some Unanswered Questions Pertaining 
to the Organization of a Twelve Year Science Seq uencen, 
Science Education (April, 1948), 34:176-177. 
2/ Ibid., p. 177. 
- .....--
3/ John Venill, 11 Needed Research Studies in the Junior 
High Schools 11 , Science Education (April, 1948), .32~17.5-185. 
he great expansion of scientific knowledge, concepts 
hich previously have been reserved for high school science 
ourses will have to be taught in the junior high schools. 
e summa:rizes that, 11 ••.• studies should be made -on pupil 
beadi11ess for more advanced, science concepts. 11 ]/ 
In the Thirty-first Yearbook the National Society for 
.· f science be taught, based _on the broad generaJ,..izations of 
. cience. As an outgrowt~ of th~s plan, many problems for 
tesearch were recognized. Morrison.d/places the selection 
nd sequences of courses within the curricul~un and the 
:rade placement of topic~ at the top of a list of needed 
esearch in science teaching. 
II 
However, research on the l~ation of curricular 
taterial in science 9lasses is complex. In order to make 
fJuch studies objective and meaningful, educators, says 
~ellack, must take into consideration the basic findings 
'rom the fields of educational philosophy, sociology, 
:1 hild growth and development and psychology of learning; 4/ 
~ . 
0../ John Venill, op. cit., p. 175. k/ National Society for the Study of Education, A Program 
for Teaching Science, Thirty-first Yearbook, 1932, Part I, 
fhe University of Chicago Press, Chicago, Xllinois. 
~~Ibid., p. 354. i1 Arno A. Bellack, 11 Sequence and Grade Plac,ement 11 , Journal 
i<Pf Educational Research (April, 1948), 41:623. 
- . . 
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The writer believes that the aim of education is to 
give some meaning, some security and purpose in life. 
Ideally, education should provide an understanding of the 
diversity and richness o~ the present-day world and take 
into account our uncertainty on ideas of life and the uni~ 
verse. More specifically, science equcation seeks to teach 
effectively those principles and skills of science V\hich 
touch so largely upon everyday life. The aims of science 
teaching are contributory to the aims of education, main~y, 
as Bellack says, 11 life ynrichment. 111/ 
In our society great emphasis is placed on education. 
Laws compel schooling up to a certain a~e, and all children 
are assured a free education. It is the school:t·s responsi-
bility both to society and to the children to present those 
activities which will prepare the individual student to 
participate intelligently in our democratic society .. 
Bellack2/ further says, urn planning th~ sequence and 
placement of' school experiences, then, consideration must 
be given at every stage to the demands of' society in regard 
to both the important responsibilities of citizenship and 
1/ Arno A. Bellack~ op. cit., P• 42. 
g/ Ibid., p. 623. 
e great variety of learnings and adjustments occasioned 
circumstances peculiar to our culture • 11 
In part, grade pL~cement of curricular material is a 
tter of providing experiences at each grade level which 
mat1..:trit~ level of the students and are 
to achieve the object:j..ves of the program)/ 
7 
defines maturation as 11 ••• thE? normal physical growth 
o · the physiological functions. If these physiological 
s ructures have not developed to the point where the child 
c n carry on the activity essential for a particular kind 
learning, it is quite obvious he will be unable to 
.achieve success in this direction. 111/ 
ln order to obtain the maximum efficiency in learning, 
aturation of the child must be considered carefully. 
ilbreth3/points out that if a .child is presented with a 
p oblem which is beyond his maturity level, he will reduce 
oij simplify the problem to his own realm of' understanding 
1
! ich may lead to misconceptions and make learning more 
lif'f'icul t when the proper maturation level is reached. 
,Y Ibid., p. 625 
! 
/ Howard L. Kingsley, The Nature and Conditions of· Learning, 
rentice-Hall Inc., New York, 1949, p. 49. · 
/ Gertrude Hilbreth, 11 The Dif'ficul ty Reduction Tendency in 
:flerception and Problem Salvin. g 11 , The Journal of Educational 
I1sychology (April, 1941), 32:305-313. · 
--·---- ----· ··- . - ---
WashburneY points out that if a child is presented with a 
problem above his maturity level with the implication that 
he should succeed, it wiil give him a feeling of failure 
and undermine his security. 11 Instead we must guide him 
8 
into those learning situations that he can attack effective~ 
ly and with sufficient success to yield satisfaction, en-
cowagement an~ growth., 11Y 
Many of the studies that have attempted to assign 
learning experiences to definite maturity levels have bee~ 
concerned with motor-skill development in pre-school child-
ren. 3/ But a number of studies have been made to determine 
the role that maturation plays in the development of various 
cpncepts, among them that of Pistorl±/ who conducted an ex-
periment to determine how time concepts are acquired by 
children. Two grouiB of 320 children were used in the 
study. In grades four and five, traditional separate 
courses in geography and history were taught to one group 
while the second group was taught geography as a major 
1/ National Society for the Study of Education, Child 
Development and the Curriculum, Thirty-eighth Yearbook, 
1939, Part I, University of' C:fiicago Press, Chicago, Illi:t:lois. 
;?;/ Ibid., p. 3 .. 
3/ Marian E. Breckenridge and Elee Vincent, ChiJd Develop~ 
ment, w. B. Saunders Company, Philadelphia, 1949. 
4/ Frederick Pis tor, 11 How Time Concepts Are Acquired by 
Ch~ldren11 , Educational Method (Nov-. 1940), 20:107-112. 
course and history incidentally. In the sixth grade the 
first group was given instruction with spec.ial attention 
placed on time charts, time ~ines and other teaching aids. 
The other group had regular instruction with no special 
importance placed on time concepts. Through analysis of 
9 
test results at the completion of the sixth gTade, it was 
found that the group with speo~al instruction gained 
slightly, but not significantly, in time-concept understand-
ing, over the group with~ut special instruction. Pistor con-
cludes that 11 ••• evidence points heavily in favor of ma tura-
tion rather than training as the dominating !actor in time• 
concept development. 111/ 
Piage~/ attempted to assign stages in the child's 
thought development to maturity levels. Through personal in-
terviews, questions were asked relating to the child's ideas 
of the causes of natural phenomena. The responses were then 
placed in categories developed by Piaget. For example~ 
Piaget traced three steps in concept development relating 
to the origin of the sun and the moon. The first step was 
that of artificiali~y of that the sun and moon were made by 
some human being. The second step was a belief that the sun 
1/ Frederick Pistor, op. cit., p. 111. 
2/.Jean Piaget, The Child's Conception of the World, 
Harcourt, Brace & Company:, ·rnc. 1 New York, 1929. 
10 
. 
and moon were developed by a combination or artificial and 
natural causes. The third stage in this development was the 
belief in a completely natural origin of the sun and the 
moon. The implication was ~hat the child passed from one 
stage to another only when he h&d reached the p~oper matur-
ity level. Due partly to th~ complexity and the subjective 
nature of interpreting the responses or the children, PiagE?tts 
method has been_critioize~ and h~s conclusions challenged~ 
Deutsche!/ conducted a study at the University of 
Minnesota in another attempt to trace the development of 
concepts or causal relations in children. Identical demon-
strations and tests were given to children- in" grades three 
through eight. Three experts familiar with Piagetts work 
attempted to classify the answers to the test items into 
Piaget 1 s categories. There was little agreement among the 
jury as to where each response should be placed. It was 
found that there was a great deal of overlapping, that 
most kinds of answers were :found over the entire age group 
and that the answers of children of a given age group could 
not be classified into a single v.rpe. Deutsche concluded 
that ncausal thinking apparently does not develop by stages 
1/ Jean Marquis Deutsche, The Development of Children's 
Concepts of Causal Relations) The University of Minnesota 
Press, Minneapolis, 1937. 
11 
but by a gradual process. 111/ She also f'ound that the 
adequacy of th..~ answers to the test questions increased with 
age, and the greatest increase noted was between the ages of 
11 and 12 years.£/ 
Haupt1/ sought to gather ev;i..dence to find out if'/young 
children were capable of the m~ntal activities associated 
with the 11 large generaliz·a tion 11 type aim. His study was 
limited to grades one tm:-ough s~:X:.. Haupt found that the 
ability to generalize prevailed at all grade levels, but 
that this ability was limited by the complexity of the con-
cepts studied. 
Croxton 1 s~/ study also indicates that children in the 
higher primary, the intermediate and the junior high school 
are capable of' generalizing. 
However, grade placement of curricular material is not 
entirely a matter of' maturation. lt is.a matter of' learning 
readiness which includes maturation, experiential levels, 
interest and attitudes 1 social pressures and training. But 
1/ Jean Deutsche, op. cit., p. 93. 
2j·~., P• 29-42. 
3/ George w. Haupt, An .E;xperimental Application of a 
Philosophy of Science Teachine; in an Elementary School, 
Teachers College, Columbia University Contributions to 
Education, No. 633. Bureau of' Publications Teachers 
College, Columbia University, New York, 1935. 
4/ w. c. Croxton, 11 Pupils Ability to Generalizen, School 
Science and Mathematics (Jan. 1936), 36;627-634· 
12 
these factors are extremely difficult to separate for study. 
In the human body every organ is an integrated part of the 
whoJe body. If one organ is malfunctioning, it will affect 
the normal activity of the whole organism. Similarly, the 
child is a composite of many factors, each affecting the 
functioning of the other. 
All experiences, according to Dewey,l/ both take up 
something from those which have gone before and modify in 
some way the quality of those which come after. West~/ 
says that it is useless to show that a given volume of warm 
air is l,ighter than the same voll,l.nle of cold air before the 
concept that air is som~thing that has weight and occupies 
space is understood. So while the pupil may be at the 
maturity level for understanding a certain concept, if the 
necessary background is lacking, he will not learn effect-
ively. Even if the maturity and experiental levels are 
adequate for learning, lack of interest or proper attitudes, 
inadequacy of teaching method and materials may account for 
unprofitable learning. 
y John Dewey, Experience and Education, T~e Macmillan 
Go., New York, 1938, p. 27. 
2/ Joe Young West, 11 Do Vve Expect Too Much or Too ·Little 
of Children from Their Experiences in Science?11 Science 
Education (Oct. 1944), 33:298. 
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This study is designed to establish a learning index or 
the various scientiric principles. This learning index will 
indicate the evproximate mental age level at which these 
principles can be taught effectively to children of similar 
' ability and background. ~ecause of the complexity or the 
learning process, absolute values as to where each principle 
should be included in the curriculum is not expected, but 
the results may pr•ove helprul to curriculum planners in 
determining the grade pJ.acement .of these principles. The 
results of this study will be of importance to classroom 
teachers, textbook writers, standardized-test makers, and 
producers of visual-aids. It may, moreover, help bring 
about an orderly, systematic teaching of science, resulting 
in more and efficient learning. 
3. Design of the Experiment 
A. Scope and Limitations 
l4 
The objective of this study is to establish a learning 
index for a number of scientific principles both in the 
elementary and secondary ·e;rades, the total study being made 
over a period of approximately ten years. An index of 
learning is to be assigned to each level at which the 
experiment is car~ied out. 
A beginning has been made here by twenty-eight students 
working vd th different principles. Subsequent investigators 
using identical techniques with the same or other principles 
at different age levels may, after having secured data on a 
large number of pupils, predict with some accuracy where a 
certain principle might be taught with knowledge of its 
being understandable to the majority of pupils at that age 
level .. 
The procedure to be described is essentially the same 
in all the studies made by these twenty~eight investigators. 
However, since certain of these persons could not, of 
necessity, meet all of the conditions here set down because 
of their own teaching duties, the procedure has had to be 
slightly varied in such cases. Whenever any changes have 
been expedient, it will have been noted in subsequent 
chapters.· 
15 
The population used in the study made by this rirst group 
of investigators is composed of pupils from the third to the 
twelfth grades. They are a stratified sampling of the school 
population of several New Eng~and states. 
Each pupil's mental age is known through the use or 
chronological age, as rurnished either by the pupil himself 
or the teacher, and the I .Q.- obtained f·rom the resv.l ts or 
the administration of the Otis Quick-Scoring intelligence 
test. This enabled the experimenter to establish the mental 
modal age for each grade division of pupils tested. 
The pupils whose test scores are included in the study 
all have mental ages within the limits of one year from the 
highest to the lowest. Once the modal mental age had been 
established, only the scores of those pupils with mental 
ages or plus or minus six months from the mode were selected 
to be included in the subsequent analysis. 
Each investigator has examined two class divisions in 
five schools. Of the total of ten groups included, five are 
samples of the same grade level and the other five are sam-
ples from a different grade level which are separated from 
the first five samples by two years; that is, if a particular 
investigator chose five tenth-grade divisions, he will also 
have chosen either five eighth- or five twelfth-grade 
divisions. 
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Two examinations have been given to all pupils included 
in this study. The first will be known as the pre-test and 
the second as the post-test. They were identical. The 
post-test was f;,iVen within an hour a,fter the administration 
of the pre-test. The time lapse between the two was occupied 
either by the presentation .of a demonstration serving to 
illustr~te the particular principle being ·tested, in the 
case of what is known as the experi~ental group, or by 
reading non-relevant material by the group to be known as 
the control. 
Strict discipline was maintained in each group. in 
order that the pupils might not commtinicate with one another 
or be distracted from the examination or th·e demonstration 
given. 
The demonstration was of large enough size, and was 
well lighted, so as to be seen by all the pupils in the 
class room easily. 
Bw Discussion of Procedure 
The first step involved the selection by each investi-
gator of a principle to be demonstrated and tested. Such 
accepted lists as. that compiled by Robertson-~/ were consul ted. 
1/ Martin L. Reb ertson, Jtselection of Science Principles 
suitable As Goals of Instruction in the Elementary School", 
Science Bducatlon (April, 1935), 19:65-70. 
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A review of the literature established that the teach-
ing of principles is an efi'ective method for teaching 
science. It was found that facts were retained better when 
pupils were taught by principles. Also, relationships in 
applied learning were perceived more easily. Further find-
ings on science teaching by principles are discussed in 
greater detail in a subsequent sectiono 
The second step consisted in devising one or more 
demonstrations which ill~strated the chosen principleo The 
time allotted for this teaching material was in most cases 
approximately 15 minutes. These demonstr'ations were necess-
arily simple, large, and contained as nearly as possible 
the 11 pU!'ity of concept 11 which has been interpreted by 
Nichols~/ to mean that the demonstration illustrates one and 
only one principle. But if all other principJes could not 
be eliminated, they were judged not to detract from the 
principle which the demonstration illustrated; they were 
judged not to lead to a misconception of the material taught. 
The demonstration material of each experimenter was 
decided upon and the apparatus set up after having been pre-
sented to and passed on by a board consisting of a small 
group of investigators who, in turn, held their demonstration 
I/ W. M. Nichols, New and Improved Demonstrations For Use 
In Teachin~ Scientific Principles in'Chemistry, Unpublished 
Master's Thesis, Boston University School of Education, 
1950, p. 4· . 
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material up to scrutiny by fellow board members. 
In a subsequent section of this thesis are discussed 
the criteria for a good demonstration. The eleven pertinent 
points are summarized as follows; 
1. The demonstration sho~ld illustrate a basic principle. 
2. The demonstration should illustrate one principle 
only. 
3. The action of the demonstration should· be clearly 
visible to all. 
4. The apparatus should be on a large scale. 
5. The demonstration should work; it should be as 
infallible as possible. 
6. The demonstration should be simple and the speed 
of action suitable. 
7. The demonstration should be dynamic. 
8. A slight dramatic element is sometimes useful. 
9· An element of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and 
inexpensive material. 
11. The apparatus used in a ~iven demonstration should 
be stored away intact until it is to be used again. 
All members of the group have adhered rigidly to these 
criteria. 
It might be mentioned here that research, which will be 
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described in Chapter 2, on the idea that demonstrations are 
effective brought to light the fact that the demonstration 
is equal to or better than any other method of teaching 
science. Thus it is seen that if a particular scientific 
principle can be tau@~t at a certain age ~vel, the demon-
stration method is as/good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third step 
in the procedure was followed. Each investigator devised a 
test of the four~answer multiple choice ty~ to be adminis-
tered in not over 15 minutes time. This type consisted of 
• 
approximately thirty items divided into three groups. The 
first ten items were based directly on the demonstration to 
be given. The second group consisted of items which involved 
transference; that is, these items did not test an understand-
ing of the demonstration directly but tested the ability to 
apply the scientific principle involved to other simpJe near-
by situations. The last ten items were more difficult; 
they involved an application of the principle but were of 
such a nature that correct answers might be made by the pupils 
who had gotten the most from the demonstration. 
All of the items were so worded that the pupil could be 
• 
given this test before the demonstration had been seen and 
yet answer the questions if he understood the principle. 
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For example, a question might be begun with a phrase such as 
11 If a tight wire is plucked1 •••••• 11 , etc. 
In order to establish a suitable vocabulary for the items 
on the test, Thorndike'sl/ Teacher's Word~ was used. 
This volume lists words used most often in standard English 
reading material. Words used in the items were compared with 
the list to suit either the elementary or the secondary 
grades. If the particularwords were not mentioned, others 
had to be substitutedo The final form of the test contained 
a vocabulary which was suitable to the level at which each 
investigator was working. A copy of the writer's test is 
included in the appendix. 
The test items were put in the interrogative form when-
ever practical with the answer to each consisting of one 
correct response and three distractors. 
When the test was completed, it was presented to the 
• 
same board which had previously judged the quality of the 
demonstration material. The items were passed if, in the 
opinion of the board, they were valid. An answer sheet for 
the test was devised whereby an enclosed space was left 
after the number of each item for the letter of choice. 
The fourth step in the procedure involved the adminis-
tration of the test to approximately one hundred pupils of 
the same grade level as the pupils for which it was finally 
y ~dwe.rd L. ·Thorndike and Irving Lorge, The Teacher r s Word 
Book of 30,000 vvords, Bureau of Publications, Teacher 1 s 
College, Columbia· University, New York, 1944. 
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intended. The results were incorporated in an item analysis 
which is described in a later section of this thesis. Any 
items which were shown not to be serving es.pecially well were 
left on this final form of the test but only those items 
which were functioning well were used in subsequent com-
pilations. 
As the fifth step, a script to accompany the demonstra-
tion was written by each investigator using a suitable 
vocabulary selected from Thorndike's word list. 1/ This was 
not to be read to the experimental group while the demon-
stration was shown but served as a guide for the demonstra-
tion lecture, key points of the written procedure having 
been committed to memory by the experimenter. This mini-
mized the probability of the individual lectures varying 
widely from day to day. 
The investigator then presented his lecture and demon-
stration to a few pupils inviting comments af·ter the pre-
sentation. In this manner both the script and demonstration 
were refined. 
At this point in the procedure, the test and the demon~ 
stration were ready to be given. Each investigator had 
written to superintendents of schools, receiving permission 
to test pupils of two particular grades in each school. 
1/ Edward L." Thorndike and Irving Lorge, £E· cit. 
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Altogether five schools were selected and the pupils of two 
grade divisions in each school were chosen as subjects for 
the experiment. In some cases, investigators chose the 
elementary grades and in others, the secondary. 
The sixth step involved the administration of the Otis 
Quick-Scoring intelligence test, by the investigator or the 
teacher of each particular division, during a period within 
two weeks of the demonstration. 
The largest part of the e~perimental work is contained 
in the seventh step.. On a prearranged date at a prescribed 
hour all the students of one class were pre-tested at the 
same time; that is, the examination was presented to the 
pupils before the principle was demonstrated. They were 
first given a test booklet and an answer sheet marked 
Test 1 on which there was a place for the filling in of the 
following information; name, sex, date of birth, name of 
school and town, and the previous training each pupil had 
in science. With regard to some of these items, in the lower 
elementary grades the information noted had to be checked 
and, many times, supplied by the teacher. 
Each answer sheet contained a random number in the upper 
right hand corner and also a place for the investigator to . 
. later fill in any information he desired such as socio-economic 
background, I.~., etc. A sample answer sheet is shown in the 
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appendix. 
The time allotted for the pre~test was approximately 
ftfteen minutes. At the end of thi$ time the answer sheet~ 
were collected and half p:f' tlw pupils in the class we:r-e sent 
to another room, afteJ;> hand;i.J:+g thE;lir test booklets to the 
demonstrator or the teacher in. .charge. The remaining hal,t-· 
kept their booklets anC{ stayed ip the room to see the .demon ... 
stration. 
Half of the pupils were rand9~lY selected according to 
a method used by Lindqu~st Y- A table in his. book was cop, ... 
sulted and utilized. To explain the use of the table, it is 
perhaps expedient to use a hypothetical cla~s in a single 
run of the experiment. Since there are 36 pupils in this 
class and half are to be selected at random, 18 pupils must 
be chosen arbitrarily. The first step is to assign numbers 
from 00 to 35 to the 36 answer sheets. This may be done in 
any order. Then it is neoessary to select a starting point 
on the table 
Lindquist 2/ 
by referring to a column and row number. 
states, 
As 
~-
" 
11 This starting pol.nt should be determined before 
looking at any number in the table. Once having se-
lected the starting point and direction, no pecularl.ty 
in the numbers read shoulg be permitted to cause one 
to disregard the results and start anew at another 
point." 
1/ Eve:i>et F.Lindqu:ist, Stat;i.stical analysis in Educational 
Research, Houghton Mifflin Company·;· Bos'£on, 1940, table 18, 
'. '262 p. ' 
2/ Ibid., P• 26. 
---
From the starting point and reading in the chosen direction, 
the first 18 unlike numbers below 36 are taken and the pupils 
previously assigned thes~ numbers are then one of the halves 
o:f the class. 
After the class ·was divide¢, the answer sheets for the 
pre-test were collected and ha*f the class was removed, as 
stateQ. above. This h;alf' wa~ :de~ignated as the control 
group. They spent the next 15 mi~utes reading silently some 
non-science material in another room. 
Up to this time, the demonstration apparatus, which 
had been pr' eviously placed in the room where the pre-test 
had been given~ was kept covered with a cloth. With only 
half the original group present, these demonstration m~ter:Lals 
were uncovered and the investigator began his experiments 
with his accompanying rema~kE of explanation. 
Vfrlen the demonstration, having lasted approximately 15 
minutes, was over, a post~test answer sheet marked Test 2 
was distributed to each pupil. This sheet was. the same as 
that for the pre-test with the exception of the identifying 
test number. The original closed test booklet_, which was 
to be used for the post-test, had been placeQ. in the upper 
right hand corner of each pupil's desk. .The group had pre-
viously been cautioned by the demonstrator not to open the 
-booklets or talk among themselves while he was experimenting~ 
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The post-test, being identical to the pre-test since t~e 
test booklet contained only the one test, was then adminis-
tered to this experimental gro~p. At the end of the allotted 
15 minutes, the booklets and both answer sheets were collected. 
Meanwhile in the room to $ich the other hal.f o.f the 
class, the control group, had moved, the same post-test was 
given -as was administered to the experimental group by a 
teacher who also supplied the pupils with an answer sheet 
marked Test 2 and a test booklet. A.fter about 15 minutes h~d 
elapsed, the papers and booklets were collected. 
In the cases where the investigator was working with 
elementary grade school pupils, the demonstration was given 
to the control group after they had taken the post-test be-
cause of the interest they undoubtedly had, because o.f ad• 
ministrative reasons, and, more important, because the time 
element was not such an important factor as it was in the 
secondary school where the control group was not given the 
demonstration. 
This same procedure was repeated with individual divi~ 
sions in each school until, as mentioned above, data on a 
total of ten divisions in five schools was collected. 
It has been found that a.reliable method of measuring 
the amount of learning of some specific activity, is by 
means of the test-retest method. By using the test-retest 
method, the level of previous knowledge concerning the 
activity may be established, Using this information any 
gain in knowledge can be easily established. A detailed 
section on the test t~chnique wi;Ll be found in the next 
chapter. 
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The eighth step ~n the ei:pe:,r>;i.mental procedure involved 
the compilation of statistiqs tis~ng t;he scores on both the 
pre-test and the post .... test, the group modal mental age 
which had been computed .from the I.Q,. and the chronological 
age Of each pupil. As was stated above only t;he scores of 
those pupils with mental ages of plus or minus six months 
from the mode were included in the statistical analysis. 
I.f a pupil of the experimental group sb.owed a lack of under-
standing of the questions relating directly to the demonstra-
tion on his post-test, his scores were excluded from the 
analysis. A score which was less than 80 per cent correct 
on this part of the post-test was not used. The second 
chapter of this thesis contains a detailed explanation of 
how the scores were handled statistically. 
The ninth and final step of the procedure was the making 
.of a tape recording using the previously refined script for 
the demonstration lecture. When this had been done and the 
resulting recording found satisfactory, it was packaged along 
with the test booklets, sample answer sheets, and the 
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demonstration material. In this way, all necessary in~orma~ 
tion and equipment will be ready ~or ~uture investigators 
using the same principles. 
CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the .Use of Principles 
The teaching of science by principle rather than by 
extraneous collections Qf facts has been generally accepted 
by educators. The Thirty-first Yearbook of the National 
·Society for the Study of Ed-p.cation, says that life enrich-. 
ment, the aim of educatiQn, can best be achieved if the 
schools: activ:Lties are 11 of the kind from which ideas may be 
developed and if the ideas may ~n turn be assQciated into 
principles and generalizations that are interwoven into 
human experience. Functional learning is conditioned upon 
attainment of some such integration. 111/ 
Hoban says: 11Education is not simply the accretion of 
information. It involves the f~damental knowledge and the 
understanding of the basic principles of the universe, of 
which man is a part. 11_g/ 
The inductive method.--Here the learner arrives at a 
general conclusion, e.g. certain laws of physical sciences, 
1/ National Society for the Study of Education, A Program 
for Teaching Science, Thirty ... first Yearbook, 1932, Part 1, 
p. 242, The University of Chicago Press, Chicago, Illinois. 
2/ Charles F. Hoban, Focus on Learnins, American Council 
on Education, Washington·n.c., 19402, P• 34. 
\ 
-
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by examining a numbe~ of individual cases. The weakness 
in this method is that there is a possibility of too general 
a conclusion, as the enume~ation of particulars can never be 
.totaled. For exrunp],.e after several enumerations of plants 
having flowers such as, the .cactus has a flower; the buck-
wheat has a .flower; the stringbean has a flower; we might 
conclude all plants have a flower. This is too general a 
conclusion as there ar~ active fungi which do not possess 
flowers. Induction is thus essentially imperfect as a mode 
of' reaE?oning, though invaluable as a means of fixing general 
principles and laws amid the succession of particularities 
given iri. experience .1/ 
The deductive method.--The learner reasons from a 
principle to a particular. It is in this method that we 
shall be mainly interested, for we are qasing our ~hole ex-
periment on the reasoning powers of the learners to go f'rom 
the principle to a particular inference to the principles 
in their learning process.. For example: If the 1 earner 
understands the principle of friction he can deduce that 
heat is released and wear between the surfaces takes place 
when one body is rubbed over another. 
A large amount of our teaching attempts to pupils to see 
1/ R. J. Me Call, Basic Logic, Barnes & Noble Inc., 
New York, 1947. 
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th~ implication of the laws, principles and rules that they 
niay have learned. As contrasted with induction, deduction 
is a much simpler and shorter ~rocess. It i~ an unusual sit-
uation when a bit of ·deduct~ve t~aching lasts longer than a 
few minutes., 
.Advantages of deduct:i,.ve educative teaching: 
1. Much more .simple than the inductive method 
2. Results in very desirable outcomes 
3. Introduces factors of organization 4. Makes meaningful .the principles that have been 
mastered already- · 
5 .. Arouses puzzle or questioning instinct, a very 
valuable aid · 
6. Helps pupils to derive their principles from 
books or demonstrative techniques.i/ 
Jones, 2/ Leonelli, 3/ Martin4/ and others have empha-
sized the value of teaching science by principle, and have 
listed hundreds of principles. 
However, there is some disagreement as to what consti-
tutes a principle. Heinm~nn defines a principle as 11 a 
statement o.f relationship between two or more facts. 115/ 
1/ G. E. Holley, The Teacher's Technique, The Century 
Company, New York, 1924. · 
2/ Ruth V. Jones, A Study of the,Principles of Science 
Found in Ninth-grade Textbooks of' General Science, Unpub-
lished Master's Thesis, University of Michigan, 1946. 
3/ Renato E. Leonelli, Principles of Physical and Biqlog-
ical Science for Grade Ei t, Unpublished Master's Thesis, 
Boston University, 19 7. · 
1J:/ W. Edgar Martin, 11 A Determination of the Principles of 
the B~elogical Sciences of Importance for General Educa-
tion1t, Science Education (March, 1945), 29 :100-105; 
(.April-May, 1945), 29:152-163. 
5/ Ailsie M. Heinmann, 11 A Study of General Science Text_; . 
booksu, General Science Quarterly (November; 1928), 13:11. 
.31 
Wilbur t s definition as stated py Martin1/ is much more 
preci~e and makes a principle a very specific kind of gen-
eralization. His criteria state thata principle-----
11Is stated positively and definitely 
Is true but with rare exceptions within the 
limitations set up by the statement 
C],early states or implies -a dynamic process 
or interaction 
Is demonstratable .experimentally 
Is clearly not a part o:f a lFtrger principle 
which can be .clearly ,stated 
Is not merely a definition or description 
Has wide applicf3.tion in the natural environ-
ment and is noE r-uled out by any of the 
preceding criteria. 11 
Robertsont s definition o:f a principle was the result o:f 
many weeks of consideration by a seminar in science teaching 
under F. D. Curtis at the University of Michigan:~/ 
11 a. To be a principle a statement mus.t be a com~ 
prehensive generalization 
b. It m-ust be true without exception within 
limitations specifically stated 
c. It must be a clear statement of a process 
or an interaction 
d. It must be capable of illustration so as to 
gain conviction 
e. It must not be a part of a larger principle 
f. It must not be a definition · 
g. It must not deal with a specific substancen 
With this definition, Robert:;;on sought to determine a 
comprehensive list of principles suitable as goais o:f instruc~ 
tion for elementary schools. He evaluated nine separate studies 
1/ William £dgar Martin, 11 A Chronological Survey of Research 
Studies on Principles as Objectives of Instruction in 
Science 11 , Science Education (February, 1945), 29:45-52. 
2/ Martin L. Robertson, 11 Selection of Science Principles 
Suitable as Goals of Instruction in the Elementary Schoo~.U, 
Science Educatic:n (February-April, 1935), 19:1-4, 65-70• .· 
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listing principles foupd in textbooks, arranged according to 
frequency and stress, by a jury of three science teachers 
and several subject matter sx:e cialists b A list of the 243 
principles found was sent to !ifteen elementary school 
science teachers and from their ratings 113 principles were 
chosen. These are the principles used in the present study. 
Some results.--There is considerable evidence that 
scientific principles can be taught effectively to students 
at the seco·ndary level. Freud and Cheronis readministered a 
comprehensive test to students of a survey course in physical 
' 
science one year after the course had been completed. They 
found that principles and the ability to apply such prin-
ciples were retained much better than were unrelated facts. 1/ 
Babitz and Keyes paired eight classes in chemistry in 
two California High Schools. Four of the classes, designated 
as the control groups, received standard instruction; the 
other four designated as the experimental groups, had direct 
and intensive training on the application of principles. 
The tests administered at the end of the experiment required 
the solution of problems in chemistry and the identification 
of scientific principles related these two. All the exper~ 
imental groups showed superiority over the control groups in 
1/ Henrietta z. Freud, and Cheronis, N. D .. , "Retention in 
the Physical Science Survey Course 11 , Chemical Education 
Journal (June, 1940), 18:288-293 
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the same schools. The differences however were not statis-
tically significant. 1/ Kilgore paired 120 students in high 
school physics with respect to their previous experience in 
. 
science courses studied and I.~.. He found at the end of his 
study that students of ooth high and low ability were sig-
nificantly better ~n making applications of principles of 
physics when the instructor placed emphasis on such applica-
tion.2/ 
The evidence from these studies seems to indicate that 
the learning of principles of science, and the ability to 
apply them, may be attainable objectives of the teaching of 
science at the secondary level provided such objectives are 
emphasized in instruction. 
2. The Lecture-Demonstration Method of 
Teaching 
A. The Effectiveness of Lecture-
Demonstrations 
The areas which will be treated in this section 
are to define and describe the term lecture-demonstration, 
and then to quote freely the written opinions of science 
1/ Babitz and Keyes, 11 An Exfreriment in Teaching Pupils to 
Apply Scientific Principles', Science Education (December, 
1939),<23:367-370. 
2/ w. A. Kilgore, "Identification of Ability of Apply 
Principles of Physics 11 , Teacher's College Contribution 
to bducation, No. 840, Columbia University, New York~ 
1941, p. 34. 
educators with regard to the use of demonstrations in science 
teaching, describing the psychological and logical basis for 
the use of demonatrationsin teaching, Then, a review of the 
research in which the lecture-demonstration is compared with 
other methods of science ~eachipg will be presented. 
Before disoussin~ desirable qualities in a demonstration, 
Macki1/, in describing and defining a demonstration, says in 
part: 
"Inherent in the concept. of demonstration .is the 
factor of movement of a material thing, not a 
static condition or display. A demonstration is 
an appeal through the senses of sight and of 
hearing, and less frequently through the other 
senses. Results must .follow the purpose: there 
must be conviction, compelling ·to an inescapable 
conclusion. 11 
Regarding lecture-demonstrations, Stuit and Englehar~/ 
express their definition by stating: 
"The term lecture-demonstration is used to describe 
a method of teaching in which the teacher carries 
out a demonstration for the entire group and lectures 
in parallel with it. The students observe the demon-
stration and ask any questions which they desire about 
the demonstration or theory involved. 11 
1/ Joseph A. Mack, ttDesirable Q.uali ties in Demonstration 
Apparatus", School Science and Mathematics (January, 1950), 
50:21. 
2/ Dewey B. Stuit, and Max D. Englehart, 11 A Critical 
Summary of the Research on the Lecture-Demonstration 
Versus the Individual Laboratory Method of Teaching 
High School Chemistry 11 , Science :t.ducation (October, 1932), 
16:380. . 
3.5 
Any discussion or the use of the demonstration in 
science teaching should be related to certain principles or 
learning. Potthof:r-1/ has expressed awareness o:f such a 
relationship in the following writing: 
"The use of the concrete, p~rticularly where it 
deals with the unramiliar, can provide an ex~ri­
mental basis for learning, whether that learning 
be remembering facts, understanding processes, 
seeing relationships, or getting an idea of how 
motor skills are executed. Direct experience, 
es~cially ir it is with the unfamiliar, may 
motivate the learner, attract his attention, 
stimulate his interest;, and arouse his curiosity. 
Demonstrations can be helpful also in· facilitating 
comprehension of the abstract, giving reality to 
the spoken word, and reinforcing it by providing 
impressions through several sense avenues. Ih 
general, learning may be more meaningful, more 
accurate, more complete, and more permanent if 
it is based upon actual experience with that 
Which is being studied. 11 
Additional emphasis on the importance of the real or 
direct experience in learning has been made by Richardson 
and Cahoon in Methods and Materials for Teaching General 
and Physical Science 2i. They stated that: 
"Probably the most usual use of the demonstration 
is for illustrating and explaining scientific 
principles and their applications. For most 
students seeing the real thing is much more 
helpful than reading about it or looking at a 
picture of it~ 11 
l) Edward·F'. Potthoff, 11 The Use of Demonstrations in 
Science Teaching 11 , Science Education (December, 1945), 
29:253. ' . 
2/ John s. Richardson and G. P. Cahoon, Methods and 
Materials for Teaching General and Physical Science, 
McGraw Hill Book Company, New York,' 1951, p. 17. 
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\ivhether the demonstration precedes nr follows activi-
ties such as discussion, reading, films, and laboratory 
work, it may not automatic ally :Provide an understanding; 
but it furnishes -a real exper:i,.ence upon which the teacher 
may build, along with other well-chosen procedures and 
activities. 
Demonstrations cari be i,lsed fo:r providing pupil exper-
iences in thinking. Cahoonts1/ views on this topic are, in 
part, these: 
11 The demonstrations., laboratory experiments, 
directed studies, pupil projects) motion 
pictures, textbook statements, and pupil-
teacher discussions are teeming with possibil-
ities for pupil experience in thinking.. It ls 
largely a matter of utilizing these appropriately 
as one goes about teaching science .facts and 
principles to pupils. 
Like any other teaching aid or pupil activit~) 
a particular exercise or experience in think-
ing may or may not be appropriate to use with 
a particular class at a given time. 
A certain demonstration for one class may be 
given to help obtain a particular .fact of 
science, at another time as an experience in 
accurate observation, at another to utilize 
~evious knowledge by predicting twhat will 
happenr, at another as an aftplication of a 
recently studied principle. 1 
However, ·it must be added here, that nA demonstration 
performed by a teacher who points out what is happening and 
indicates the conclusion which should be drawn or how it 
illustrates a particular principle may,furnish little experience 
1/ G. P. C:ahoon, 11 Using Demonstrations f'or Providing Pupil 
Experiences in Thinking11 , Science Education (Oct .• , 1946); 30:196• 
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in thinking. 11.:!/ However, 11 thinkine;11 comes when the principle 
is applied. 
Before presenting a review of the research in which 
the lecture-demonstration is c9mpared with other methods 
of science teachinf=,, the evolution of the popularity of' the 
demonstration method should be mentioned. Web~/ states 
that it developed in this manner: 
11 The growth of' the demonstration method as a 
substitute for the individual experiment was 
accelerated by the depression, during which 
time funds f'or operating the schools were much 
reduced. It was argued'that if' the course in 
science be given by demonstrations, only one 
set of apparatus need be procured; whereas if 
it were given by student individual· or group 
experiments a considerable number of duplicate 
sets must be PUl"'chased. 11 
·Cunningham• s summary of 11 Lecture ·Demonstrations Versus 
Individual Laboratory Method in Science Teachingn.J./ covers 
a twenty-f'ive year period. The field ()f' research includes 
eighteen Master's Theses, six Doctorate Studies, and other 
studies. All of the reports were published in such pro-
f'essional periodicals as: Journal of Educational Psychology, 
. . . I . 
School Science and Mathematics, School Review, Journal of 
Educational Research, and Pennsylvania School Journal. From 
the results reported by the experimenters, Cunningham~/ 
1/ cTohn S~ Richardson and G .. P. Cahoon, op. cit., p.·-67. 
2/ Charles S. VJebb, 11 The Teaching of' Advanced Scien~e 
Using the Demonstration Methodtt, School Science and 
Mathematics (January, 1938), 38:23. · 
3/ Harry A. Cunningham, 11 Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teaching - A 
Summary 11 , S<}ience Education (March, 1946), 30:70-82. 
1±/ Ibid., p. 76 •. 
states that.: 
"Twenty-eight studies gave specific attention to 
the general outcome - immediate recall or immed, ... 
iate results.. Twenty gave results favoring the 
demonstration method; six favored the i~1d-ividual 
laboratory .method; and tvv-o said that there ·was 
no differe-nce ffietween the two methods? .. 
Of the twenty-four studies that gave specific 
attention to delayed results, then favored the 
demonstration method, eleven the individual 
laboratory method, and three reported no differ-
ence. 
The interest stimulated in the pupils hy the 
two methods was studied in seven of the enter-... 
prises. The majority of the pupils in three £ot the enterpl ... ises7 favored the demonstrati-on 
method; and in four /Of the enterprises7 favored 
the individual laboratory method.. -
All of the studies - fifteen - that gave atten ... 
tion to the time required by each of the two 
methods reported a saving of time under the 
demonstration method. The time saved varied 
from one-fifth to one-halfo 11 
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Later in the summary, Cunningham~/ tells of the treat~ 
ment of scientific thinking in these studies by these 
comments: 
Hsev.enteen studies gave attention to one or more 
of the elements of scientific thinking but no one 
undertaking made even a slight beginning in the 
study of this problem in all of its many aspects- .. 
The elements of the thinking process that were 
studied in some of the undertakings were as 
follows: amount retained in thought work; making 
prop~r conclusions to an experiment; application 
of principles learned; ability to think in terms 
of science subject; ability to follow the steps 
in scientific procedure; per cent of thought 
questions answered correctly; method of attack 
on new problems; scientific attitude; ability to 
1/ Op. cit., p. 76 
observe; learning a scientific principle; greater 
carry"over ability; ability to distinguish between 
fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to 
some phases of this big and very important problem, 
twelve favored the demonstration method; four the 
individual laboratory method; and one came to the 
conclusion that the pupil could learn to think 
about equally well by either ffiethod7. 11 
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This comprehensive stat~me~~ is part of the concluding 
remarks made by Cunningham1/; 
11 0ur decision, as to what to. do in practice, is 
made easier when we realize that all of our 
laboratory teaching need not - should not be done 
by one method. It is possible that we may be 
ignoring a whole continuous series of possibil-
ities between these two extremes. In many cases 
it may be found best to use both methods in teach-
ing a given idea in science.'' 
The studies presented in the su:mmary of Cunningham 
were ranked according to the criteria presented in an 
article by Stuit and E~glehar~/ by Keiser3/ as to their. 
superior or inferior value. It is well to note here that 
Keiser used only the first six of the seven criteria to 
determine the value of these studies. The seven criteria, 
as established by Stuit and Englehart, are as follows: 
(1) specification of experimental factors; (2) control of 
1/ Ibid., p. 79 
~/ Op._ cit., pp. 380-391. 
3/ Louis B. Keiser, The Present Status of the Lecture-
Demonstration Versus the Individual Laboratory Method 
of Teaching Science in the High School, Unpublished 
Master's Thesis, City College of New York, 1933. 
~-
I 
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pupil factors; (3) control of teacher factors; (4) control 
of general school factors; (5) duration of experiment; 
(6) measurement of achievement; and (7) interpretation of 
experimental data. 
For comparative purposes the writer has used the 
studies of Ani bell/, Kno~/, and Wiley)/ in this discussion 
because each study is partly concerned with the demonstra-
tion method ~ersus.the labor~tory method of teaching high 
school chemistry. The problem of the research as stated by 
each author and the significant conclusions, in part, will 
be related. 
The study of Fred G. Anibel4/, ranked superior, is as 
follows: 
Problem: To determine scientifically through 
objective data how the results of teaching 
high~school chemistry by lecture-demonstration 
method compared with the individual laboratory 
method. 
Conclusions, in part: 
1. The-immediate retention is as adequate 
when material is presented by the lecture-demon-
stration method as when the class is taught by 
1/ Fred G. Anibel.t "Comparative Effectiveness of Lecture-
Demonstration and Individual-Laboratory Method11 , Journal 
of' Educational Research (May, 1926), 13:355-365. 
2/ w. W. Knox, 11 The Demonstration Method Versus the 
Laboratory Method of Teaching High School Chemistry11 , 
SchoolReview (May, 1947), 35:376-386. 
3/ William H. Wiley, 11 An Experimental Study of Methods 
in Teaching High School Chemistry 11 , Journal of Educa-
tional Psycholo& (April, 1918), 9: 1"81'-198. 
gj Loc. cit. 
the regular individual laboratory procedure. 
Indications are that the lecture-demonstration 
procedure would result in better immediate re-
tention •. 
2. The delayed retention is so little 
different that one method may be considered as 
good as the other·. There was a slight indica-
tion that the material was better remembered 
when taught by the individual laboratory pro-
cedure. · 
3. The brighter students ~re likely to 
profit more by the lecture~demonstration method 
than are the others ~- · · · 
.. -. 
The study by W. w. Knox11, Which was ranked superior, 
is. as follows: 
Problem: To establish the relative value of the 
demonstration and laboratory methods of science 
instruction. 
Conclusions, in part: 
1. The demonstration method is superior to 
the laboratory method in teaching mentally 
heterogenous groups of pupils for the purpose of 
immediate retention L8nd relatively permanent 
retention7of subject matter in high school chem-
istry. 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in 
a method of attack on new problems, the demon-
stration method is equal, if not suparior, to 
the laboratory method of instruction. 
3. From the standpoint of the coefficients 
of correlation, it appears that tlie demonstra-
tion method provides su~erior opportunity for 
adaptation to individual differences in mental 
ability so far as teaching for immediate reten-
tion, delayed retention, and method of attack 
are concerned. 4. So far as providing knowledge and method 
of attack are concerned, the laboratory method 
is slightly superior to the demonstration method 
in the case of the average inferior pupil. 
1/ Loc. cit·. 
5. For the purpose of' providing knowledge 
for both immediate retention and relatively 
permanent retention~ and for the purpose of 
providing a technique for handling new problems, 
the demonstration method is much to be pre-
ferred to the laboratory method in the case of' 
. the average superior pupil. 
Before stating the problem ~nd significant conclusions 
of' a study ranked inferior. by KeiserY according to the 
first six of the seven criteria ·developed by Stuit and 
Englehart£/, it should be recog~ized that the study made by 
Wiley3/ was a pioneer en tel'>prise, being published in 1918. 
Probaoly it has oeen ranked as of inferior value because 
of' the following factors: no mention is made of any attempt 
to measure the mental abilities of the pupils~/; the tests 
to meas~e immediate and delayed retention were of doubtful 
validity; the method of scoring the tests was highly sub-
jective; and there was no mention made of statistical 
treatment of the data found. 
The study made by William H. Wiley~/ is as follows: 
Problem: To determine the best of' the three 
methods of teaching chemistry, the textbook 
reci.tation method,.· the so-called lecture 
Ldemonstration7 method, and the labo~atory 
method. 
Conclusions, in part: . 
1. There is not as great a difference 
1/ Loc. cit. 
~/ Op. cit., pp. ~80~391. 
3/ Loc. cit. 
h/ Note the date of publication of the first group 
intelligence tests. 
2/ Loc. cit. 
as is ordinarily supposed in the value of the 
three methods, lecture {demonstration? , text• 
book, and laboratory, so far as imparting 
knowledge is concerned. 
2. For immediate learning the textbook 
method is unquestionably superior. 
3. For permanent learping the laboratory 
method is perhaps slightly superior. 4. In every respect the lecture {<iemon.-. 
stration7 method is the least effective in 
imparting knowledge to hig;h school students. 
5. The rate of forgetting is greatest 
with the textbook method ~nd least with the 
laboratory method. 
6. The different methods show decided 
individual differences both for immedia.te and 
delayed reproduction. 
7• Probably a combination of the three 
methods willgive the best results in teachipg 
high school chemistry. 
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1/ Stuit and Englehart- have also made an excellent crit~ 
I , 
ical analysis of the lecture demonstrat1;.on versus the indi-
vidual laboratory method of teaching high school chemi~try. 
A summary of their report, which consisted of the combined 
conclusions of various investigators, is as ,follows:, 
Conclusions contending that the laboratory method 
is superior.: 
1. There is a slight indication that 
material was better retained when taug~t by 
the individual laboratory method - Anibel. 
2. The order of preference of the methods 
studied places the individual laboratory method 
before the demonstration method ~ Horton~ 
3. In every respect the lecture method is 
least effective in imparting knowledge to high 
school students - Wiley. 4. For permanent learning the laboratory 
method is perhaps slightly superiqr - Wiley. 
;). For providing knowledge and method of 
1/ Op. cit., PP• 388 ... 391 
attack, the laboratory method is superior for the 
inferior pupil - Knox. 
Conclusions claimi~_that the demonstration method 
is superior: 
'1. Bright pupils are more likely to profit oy 
the lecture-demonstration method than are the 
otners - Anibel. 
2. Dull pupils profi~ more from demonstra-
44 
tion than from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less 
time and costs less - Anibel. 4. The teacher (demonstration) menhod is 
best - Nash and Phillips. 
5. Lecture-demonstration method gives better 
control over the individual since all are unde;r 
teacher guidance - Pugh. 
6. For purpose of providing knowledge for 
both immediate and permanent retention and for 
the purpose of providing technique or handling 
new problems, the demonstration method is much 
to be preferred to the laboratory method in 
case of average sup3rior pupil - Knox. 
Conclusions contending that the students ao~ieved 
equally well by either method: 
1. Immediate retention is about equal in 
both lecture-demonstration and individual-labor~ 
atory methods - Anibel. 
2. There is not as great a difference as 
is ordinarily supposed in the value of the 
three methods, lecture, textbook - and labora~ 
tory, so far as imparting knowledge is concerned -
Wiley. 
3. The results of this experiment point to 
the conclusion that the majority of students in 
high-school, laboratory-chemistry classes, taught 
by the demonstration method, succeed as well as 
when they perform the experiment individually; if 
success is measured by instruments which ~easure 
the same abilities as are measured by these 
tests, namely, specific information and ability 
to think in terms of chemistry - Carpenter. 
General conclusions based on evaluation of the 
reported research: 
· After considering the above conclusions 
the writers have arrived at a few ideas whi·ch 
seem justifiable in the light of the evidence 
given by this study, 
1. No method can be considered to be the 
best .in every case. The objectives of chemistry 
teaching 3 the preference of the teacher, the 
nature .of the pupil, and the facilities of the 
schools will largely determine which method 
should be used9 . 
2. In small schools where money and .space 
are not plentiful the lecture-demonstration 
method seems to be most practicable. 
3 .• The written test cannot be used to 
test all the outcomes of a course in high school 
chemistry. Some sort of' manipulative tests 
seem necessary to test the laboratory skills. 4. The problem of the relative merits of 
the lecture-demonstration and individual-labor-
atory methods still seems unsolved and as complex 
as ever. More .careful experimentation, involving 
careful control o~ non-experimental factors ·and 
reliable testing, is needed in order to justify 
any definite and final conclusions. When exper-
·imentation has shown the relative superiorities of 
the methods in terms· of out comes, the methods 
should be evaluated in terms of the values 
attached to these outcomes. 
Evidence of the evolution of teaching methods parti'-
cularly by the visual method is apparent in the next study 
to be considered_, that of' Smi th1/ -· The visual method has 
been long recognized by leading educators as one o·f the 
most .valuable ways of training pupils in all stages of 
learning. It ·is difficult, as a result, ·to find a school 
that does not, in one way· or another, make use of visual 
aids in teaching. The alert teacher and administrator 
are constantly seeking suggest-ions and illustrations by 
means of which the vague conceptions of the pupils may 
be made into real facts and parts of their experience. 
i? Herbert A. Smith, 11 A Determination of the Relative 
Effectiveness of Sound Motion Pictures and Equivalent 
Teacher Demonstration in Ninth Grade General Science 11 , 
Science Education (April, 1949), 33:214-;221. 
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Any method will not be it can p~ovide both 
clarity and simplicity 
In the study done 
overlooked i.f 
combined)/ 
by Smi t~/ the problem involved was: 
1 .. What is the relative effectiveness in ninth 
grade general science classes o.f experimental 
demonstrations peP.for.med by the teacher.and 
equivalent demonstrations presented through the 
medium o.f educational·sound motion pictures. 
2. The determination of the relative effective-
ness of these two instructional techniques with 
pupils of different levels of intelligence. 
In the plan of study three methods of presentation were 
used: (1) teacher demonstration, {2) use of films, and (3) 
a combination of teache~ demonstrations and the use of 
films. The conclusions made, as a result of this study, 
were as follows; 
1. Educational sound motion pictures and teacher 
demonstration are of equal merit as instructive 
devices in ninth grade general science when they 
include essentially the same materials in so far. 
as merit can be determined by the techniques em-
ployed in this investigation. The use of either, 
method singl;y is as effective as the combination 
of the two. 
2, There is a tendency for increased intelligence 
as expressed in terms of an intelligence quotient 
to be accompanied by increased learning where 
learning is represented by the gain of final over 
initial test scores on the objective tests used 
in this investigation. The degree of relation-
ship is independent of the method of instruction 
1/ Paul Arthur, Lee ture Demonstrations in General 
Chemistry, McGraw Hill Book Company, New York, 1939, 
pp. 2-4. 
2/ Op. cit., pp. 214-215. 
utilized indicating the same relative val·ue for 
sound motion pictures and teacher demonstrations 
portraying essentially identical materials re-
gardless of the level of intelligence of the 
students. 
Certain simila~ities exist between the problem of 
this science seminar ·and the problem investigated in the 
study by Croxton.l/ ·His problem.was stated thusly; 
11 Is the failure of children to generalize due 
primarily·to lack .o:f power or tendency, or is 
i i;; simply due to want of etu.fficient experience •••• 11 
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In this study mosi;; o:t: tbe experiments tested the 
pup.ils ,. ability to formuls. te and apply a principle after 
eight minutes exposure to the essential experimental basis 
in the form of a demonstration or directed play. The ten-
tative conclusions made by Croxto~/ are as follows: 
1. The data indicates that many children in the 
higher primary/ the intermediate, and the junior-
high school grades are capable of generalizing. 
2. Vifhile the experiments do not prove that most 
pupils in the kindergarten and lower primary 
grades could not generalize if a more adequate 
experience basis was provided, the data together 
with the evident obsession manifested by these 
children for obtaining emotional satisfaction 
do suggest that early childhood is preeminently 
a period for satisfying reactions. 
J. There is little in these experiments to 
suggest that junior-high school pupils possess 
markedl;y ·:superior ability. to e;enerelize than 
intermediate grade pupils possess, the differ ... 
ence in tne scores in t·evor of the former being 
1/ W. c. Croxton, 11 Pupi1s' .h.bility to Generalize 11 , 
School Science and Mathematics (June, 1936), 36:627-634. 
gj Ibid., p. 634. 
little more than might reasonably be credited to 
added experience. 
In summary, therefore, of the. research and studies 
compiled by investigators on the value and the effective-
ness of the lecture-demonstration, as compared to other 
methods of· scienc~ teaching such as the individual labora-
tory method, the textbook method) and sound motion pictures, 
it qan be concluded that tb,e lecture-demonstration method 
of science teaching is equal to, if not better than, any 
other method of teaching. It incorporates direct experi-
~nee of the pupil, pupil experience in t~inking, utiliza-
tion of the sen$es, und~rstanding processes, application 
of scientific. principles, and ability of the pupil to 
generalize. Through the use of the lecture-demonstration 
most, if not all, of these above qualities are satisfied. 
Again, the writer would like to cite the fact that~ 
lecture-demonstration method is equal to, if not better 
than, any other.,method of teaching; science. 
2. Criteria for a Good Demonstration 
,Statement o.f the problem. --There are two problems involved 
in developing a list of criteria for a good demonstration:i: 
(1) to define clearly the word 11 demonstration11 as it is to 
be used in this experiment; (2) to evolve, through reference 
"':~~t­
.--
to the literature, the criteria. 
Need for research.--Since the demonstration is the 
instructional procedure selected for use in the experiment, 
it is neces·sary to clarify the meaning of the demonstration 
method. 
No11l/-has pointed out the fact that investigators 
seldom define teaching methods carefully and minutely 
enough. Various writers have recognized the need in re-
search for accurate definition of terms. Like Noll, 
Riedel,g/ has made a plea for- clear definition of teaching 
methods and experimental procedures. Mack 3/ has stated 
that there are as many definitions of 11 demonstrat:Lonu as 
there are authors treating the subject. Preston~/ also 
realized this and called for clarification and unification 
of terminology .. 
Most of the literat~e on the demonstration method 
fails to reoogni~e the difference between the lecture-demon-
stration, the class experiment, and the i1lustr!:J.ted lecture. 
1/ Victor H~ Noll, The Teaching of Science in Elementarx 
and Secondary Schools, Longrams, Green and Co q London . 
and Toronto, 1939, p." 63. 
y F. A. Riedel, 11 What, If Anything, Has Been Proved as 
to the Relative Effectiveness of the Demonstration and 
Laboratory Methods in Science? 11 School Science and Math-
ematics (May, 1927), 27:513. 
3/ Joseph A. Mack, 11 Desirt;~.ble Q.ua1i ties in Demonstration 
Apparatus", School Science and Mathematics {Jan., 1950), 
50!21. 
4/ Carleton E. Preston, 11 Is the Debate in Common 'l'erms?Jt 
Science ~ducation (February, 1935), 19:14-16. 
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Preston l/ attributes much o~ the success o~ lecture-demon-
strations to their actually being class experiments. 
Definition o~ demonstration.-~The demonstration is in this 
experiment actually a lectur~-demonstration. Reference to 
the literature will help to clari~y the meaning. First, 
the 11 demonstration 11 is de~ined by the Dictionary o~ Educa-
tiong/ as follows: 
The 
11 (1) The method or process of' presenting or 
establishing f'acts; (2) the procedure o~ doing 
something in the presence o~ others either ~or 
means of showing them how to do it themselves 
or in order to teach a principle. 11 
same source3/ de~ines the lecture-demonstration thus: 
11 An instructional procedure in which the verbal 
message is accompanied by use o~ apparatus to 
illustrate principles, determine or verify ~acts, 
clari~y dif~erent parts, or test ~or comprehen .... 
sion of material under discussion.u· 
Prestonk/ further clari~ies the concept of' the lecture-
demonstration as distinct from the class experiment: 
11 In true lecture-demonstration the teacher shows 
everything, explaining or interpreting each point 
as he, or some pupil, performs the work. In true 
class experimentation the teacher endeavors, by 
well~directed questions, to get the members of 
the class to observe or come to conclusions them-
selves as to the proper interpretation, and per-
haps to plan further steps or procedures. Thus, 
1/ Loc. cit. 
2/ Carter V. Good (Editor), Phi Delta Kappa, Dictionary 
of Education, McGraw-Hill Book Company, Inc., New York, 
1945, p .. 124. 
3/ ~., P• 238 
4/ Carleton 1::;. Preston, The High School Science Teacher and 
His Work, McGraw-Hill Book Company, Inc., New York and London, 
1936, PP• 192-193. 
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in the lecture-demonstration the ~low o~ i~ormation 
and e4?lanation is ~rom teacher to pupils; in the 
cla.s·s e:xperimen t it is exactly the opposite. 11 
Elsewhere, in defining lecture-demonstration, Preston1/ 
makes the point that 11 no questions interrupt the speaker 
and he asks his audience none" other than for rhetorical 
effect4 11 
Pres ton, however r does not distinguish the lecture- . 
demonstration from the illustrated lecture as does the 
2/ Encyc.lopedia of' Modern Education;-
11The lecture-demonstration di~fers from the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means o~ pictures, slides, moving 
pictures or s:r:e cimens while the lecture-demon-
stration focuses attention on the lecturer who 
shows the relationships through the use of 
manipulation of phys:i,.cal material, machines or 
appliances. 11 
The meaning of 11 demonstr ation11 is further expanded by 
the ~allowing observa:M.on made by Mack: 3/ ttinherent in the 
concept of demonstration is the factor of movement o~ mater-
ial things, not a static condition or display.H This so-
called dynamic quality o~ the demonstration leads !~1acJt/ 
to exclude ~rom the demonstration procedure certain stand-
ard teaching materials: 
1/ Carleton .t!i. Preston, urs the Debate in Common Terms? 11 
Science ~ducation (February, 1935), 19:14-16. 
~/ Harry N. Rivlin, Encyclopedia of Modern Education, The 
Philosophical Library of' New :Cork City, New York, 1943, P• 452. 
3/ Qp. cit., p. 21. 
]±/ Loc. Cit. Boston tnw.·•···· ·': · 
School of EducatJUI 
_..........._Library 
11 o.bjects, unless they· can be o:t=erated ••. so 
also, specimens, samEles and parts ••• Likewise 
models, as such; a;te ba·r:red \IDles s they are 
working models; so also, miniatures and enlarge-
ments." 
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Although micro-projeo~ion t~ohni~es are gaining increasing 
favor in demonstration wd~k,¢/ it would seem that this 
method should also be exclUded an the same basis as the 
other visual aids. 
Fwther, Mack,g/ states i:(hat the demonstration is ttan 
appeal through the senses of __ .si@t and hearing and less 
frequently through the other senses. n He would, therefOl"e, 
exclude from demonstration work materials that appeal to 
only one sense; such as, transparencies, pictures, charts, 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have 
been determined by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the class experiment. 
4. It differs from the illustrated lecture. 
5. Movement and action are essential. 
6. It is an appeal through two senses; sight and hearing. 
The necessary implications of each of these statements have 
already been suggested. 
1/ Mary A. Ott, 11 Microtechnique for P;rojection Demonstration 
in General Science 11 , School Science and Mathematics (January, 
1946), 46:68-73. 
2/ Op. cit., p. 21 
Review of the literature.~-A review or the literature 
was made in order to di~cover those basic principles which 
might be used_as a guide in doing demonstrations. 
First, a search was made to locate any previous studies 
that paralleled this ~hvestigation. The Bibliograph~c 
Index provitled the necessary re~erences. It was found that 
many investigators had subjectively listed criteria in one 
form or another. Howe~er~ only one study, documented with 
re!'ere'hces, proved simi+ar to this one. Mack1/ covered 
. . 
many of the same sources in developing his checklist for 
evaluating desirable qualities of demonstration apparatus~ 
He lists as "ractors 11 those conditions inherent in the 
physical surroundings and in good techniques and as 
11 qualitiestt those conditions inhe:r-ent in the apparatus. 
Much of his research had to be duplicated in this review, 
but for a different purpose which called fo:r- more complete 
and descriptive statements. 
A working bibliography was developed consisting of 
five types of sources: (1) professional journals and 
science publicati~ns~ (2) methodology textbooks~ (3) teach-
ing science textbooks, (4) audio-visual texts and 
(5) books on experiments. The following reference sources 
were consulted! Bibl~ograph~c Inde~,-En~yclopedia of 
Educational Resear$, Bibli,oe;raphies and Sun:unaries_l;n 
l/ Dp. Cit.; pp. l9-31. 
• 
Education, Readerrs Guide, International Index, Ulvich 1 s 
Periodical Directory, Vertical File Service, and th~ 
Education Index. 
There was great variety ~n i;;he nature of the material cov-
ered which included such .:Lt~tns as! 
1. steps to follow 
2. Desirable qualities 
3. Desirable characteri$tic~ 
4. Points to keep in mind 
5. Rules for demonstrating 
6. Suggestions for making ~emonstrations effective 
7. Criteria 
8. General discussions of the demonstration method 
Works included in this study fall into four categories~ 
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(1) Those Wlich deal with the demonstration in a general 
sense; (2) those from the field of biology (3) those from 
the field of physics (4) those from the field of chemistry. 
Several of' the authors in the first category, the 
Hgeneraln, emphasize only one or a few aspects of the use 
of demonstrations. In discussing the presentation of 
example demonstrations, Cahoon1/ indicates certain steps 
taken to insure effectiveness of the demonstration and 
emphasizes only visibility and size of apparatus • 
UG. P. ·Cahoon, "Using Demonstrations for Providing Pupil 
Experiences in Thinking11 , Scienoe Education (October, 1946), 30:196-201. . ' . . ' . . 
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ColviJ:/ offers three cautions to be observed in class demon-
strations. Hoff'2/emphasizes only visibility and planning,. 
:PinkuJ./ s-q.ggests the need for apparatus especially designed 
for demonstration purpbses ahd stresses the factor ,of visi-
bility. 
A few in this same group attempt more detailed coverage. 
. 4/ . f Potthoff~- for example~ o fers several suggestions for p~-
forming demonstrations effecti~ely and contributes many ex-
cellent ideas. In discussing .the art of lecture tabl!;) 
demonstration, Daviso~/ mentions several rules to follow 
6/ . 
in demonstrati,ng. Rakestraw- touches on six different 
aspects of the good demonst~ation in. his extensive discussion 
of lecture•demonstration. 
1/ Stephen Sheldon ColvinJ An Introduction to Hign School 
Teaching, The Macmillan Company, New York, 1924, Oh .. 12. 
£/Arthur ~. Hoff, Secondar. School Science Teaching, The 
Blakiston Company, Philadelphia and Toronto, 19 7, pp. 188~ 
189., 
d/ L. F. Pinkus, 11 Some Suggestions in Demonstrations'' f 
Science (October a:>, 1933), 78:364. 
. . . 
4/ Edwa!ld F. Potthoff, 11 The Use of Demonstrations in Science 
Teachingtt, Science Education (December, 1945), 29 :.253 ... 255. 
5/ H. F. Davison, HThe Art of Lecture Table Demonstrationtt, 
Journal of Chemical Education (June, 1927), 2:443-7. 
6/ Norris w. Rakestraw, 11 The Function and Limitations of 
Lecture Demonstra tion11 , Journal of Chemical Education (November, 1929), 6:1882-1886 .' · · · · ' · · · 
5.6 .. 
Still others in the 1fgenera1 11 group have systematically 
attempted to list criteria in some form. Billinger1/ lists 
five requirements for a nuccesful demonstration. Dale2/ 
offers fourteen suggestions for improving demonstrations 
and eleven questions for evaluating them. Under 11 demon-
stration techniques 11 , Haas3/ lists ten steps to be com-
pleted before conducting the experiment and five sugges~ 
tions for conczlucting it, Beisslf/ elaborates on seven ex-
cellent rules for demonstrating. Holley:5/ lists seven 
things a teacher can do to insure successful dernonstratiohs .. 
Mack£/ developed a lengthy_checklist of desirable qualities 
in demonstration apparatus. In a group thesis edited by 
Murray7/, f.ive criteria for a demonstration were listed. 
1/ 'R. D. Billinger, 11 Lecture Demonstration Experiments 11 , 
Journal of Chemical Education (August, 19?7), 14:375-7. 
. . ' . 
2/ Edgar Dale, Audio-Visual Methods of Teaching, The Dryden 
Press, New York, 1946, p. 125.130. · · 
3/ K. B. Haas~ 11 The Demonstration and Field Trip as Training 
Techniques 11 , Business Education World (February, 1951), 
31:291-293. 
4/ Elwood D. Heiss, Charles W. Hoffman, and Ellsworth s. 
Ob.ourn, Modern Methods and Materials for Teachin Science, 
The Macmillan Company, New York, 19 O, pp. 171-2. 
5/ Charles Blmer Holley, High School Tea(lhersMethods, The 
Garrard Press, Champaign, Illinois, 1937, p. 229. 
6/ Op .. cit., p. 27:..29 .. 
7/ Chalmers .Murray (bdi tor), New and Improved Demonstra-
tions, Each Illustrating ~. Sins;le ~cf,enpe .Princi;le, Un"'" 
published Masterrs Thesis, Boston Dn~vers~ty, 19 0. 
51 
which .had been developed in a seminar disc·us sion. Richard-
son and Cahoonll list five criteria for a good demonstra-
tion. Selberg2/ ltsts sixteen common errors in demonstra-
tion techniques (actually class experiment techniques) ahd 
offers an excellent plap. to follow in doing classroom demon'-
strations. In the se~ond categ<?;t:>y., the works from the field 
of biology, only one st~dy w~s fo~d. Orametlf lists eight 
characteristics of the good. tle:rn¢mstration. 
In the third category, works from the field of physics, 
the same breakdown can be made aa for the first c~tegory. 
Among the few who emphasize only one aspect, Coyle~ 
stresses the value and importance of vertical mounting of 
apparatus on special boards. Also, Sutton2/ stresses the 
need for simplicity ap.d original:!,. ty,. Among his suggestions 
for improving physics teaching, Weaver£/ stresses visibil-
ity and size of apparatus~ 
1/ John s·~ Richardson and G. P. Cahoon, Methods and Materials 
for Teaching General and Physical Science, McGraw-Hill Book · 
Company, Inc·., New York, TorontO and London, 1951. 
2/ Edith M. Selbert, 11 A Plan for Developing Better Techniques 
in Giving Science Demonstrations, Science Education (OctoQe~; 
1932), 16:417-420. . . .. . . ' 
3/ Charles A. Gramet, 11 Demonstration Lessons in Biology", 
Scienc~ Education (February, 1934), 18:33-36. · 
lt/ J.P. Coyle, E. c. Hmsen, and R. :s. Ooe, 11 Demonstra-
tions Made More Visible 11 , Chicago Schools Journal (November; 
19 41 ) ' 2 3 ; 64-8 . . . . . . . 
5/ Richard M. Sutton, 11 The Importance of Scientific 
Instruments and Apparatus to the Teachers of Physicsu, Review 
of Scientific Instruments (December, 1941), 12:573-582. 
6/ Elbert C, Vieaver,, nTeaching Physics Effectivelyn, 
School Science and Mathematics (May 1944), 44:402. 
Hitchcoc~/ emphasizes action as the essential qual-
ity of good demonstrations and includes, as he elaborates 
this theme, many other criteria. 
58 
Duff~ is the only one in the field of physics to make 
a systematic listing. He enumerates nine desirable qual-
ities in demonstration experiments. The fourth and final 
category, the works from the field of chemistry~ may be 
similarly analyzed. Arthur3/ presented a lengthy discussion 
on visibility including many excellent suggestions. Reedk/ 
discusses in some detail four aspects of goo~ demonstrations 
and techniques. Wiles5/ also deals only with a few aspects 
of successful demonstrations. 
Dunbar2/ lists eleven desirable characteristics in 
demonstrations. His list is based on Duff's and includes 
1/ Richard C. Hitchcock, 11 I Like Action in Physics Demon-
s tr~ tions 11 , School Science and Mathematics (December, 1941), 
41:832-839. . 
2/ A. w. Duff, 11 Desirable Qualities in Demonstration Ex-
~riments11, School Science and Mathematics (November, 1928), 
28:857· 
3/ Paul Arthur, Lecture Demonstrations in General ChemistEX, 
Mc-Graw-Hill Book Company, Inc., New York and London, 1939, 
Ch. 1. 
~/ Rufus D. Reed, "High School Chemistry Demonstrations", 
Journal of Chemical Education (November, 1929), 16:1905-9. 
5/ L. A. Hiles, HThe Value of Lecture Table Demonstration13 
In the Teaching of Chemistry 11 , Journal of Chemical Educa-
~ (September, 1928), 5~1109-1111. · · · · 
6/ Ralph E. Dunbar, "Some Desirable Characteristics in 
Chemistry Demonstration EXJ?erimentsrr, School Science and 
~!a thematics (January, 1950), 50:19-31. · 
specific· examples in chemistry, Frank!/ provides twelve 
suggestions regarding use of class demonstrations ~hich 
he believes to be justified by the experience of a number 
of teachers. Gould2/ erumerat~s on eight to consider in 
planning and performing demonstrations. Van Horne3/ 
offers five suggestions for the preparation of apparatus 
and materials and four pules to follow in conducting 
demonstrations, 
Treatment of the data.~-From the literature selected 
for inclusion in the study, each separate statement which 
s-eemed to form the basis of a possible criterion was noted 
on an individual card. Items were accepted for considera-
tion if they were mentioned once. They were rejected on 
the basis of (1) inconsistency with the definition of a 
demonstration developed, or (2) inconsistency with the 
design of the experiment. The items thus selected for 
inclusion in the list of criteria were organized into the 
outline ~ich appears below. The criteria themselves are 
listed as major statements. Suggestions for implementing 
them are listed as sub-topics under the criterion to Which 
they seem best to apply. This arrangement- is entirely ar-
1/ J. 0. Frank, The TeachLng of Hi&h School Chemistr~, 
J. 0. Frank and Sons, Oshkosh, Wisconsin, 1932, p. 8-9. 
2/ Arthur B. Gould, 11 Demonstration Experiments and Their 
Place in the Teaching of Chemistrytt, Journal of Chemical 
Education (February, 1931), 8:297-302. 
3/ Donald Van Horne, nThe Lecture Demonstration Method 
in High School Chemistry", Journal of Chemical Education 
(January, 1930), 7:109-116. · · · · 
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bitrary. Many of the items organized as sub-topics were 
ih some studies listed as a 11 major cri terion11 • Various 
6o 
items included as sub-topics were mentioned by different 
authors in ~fferent places. However, an arbitrary organ-
ization seemed justifie4 on two bases: (1) no two of the 
studies duplicate each uther11; and (2) the nature of the 
material covered is of such qiverse nature. The criteria 
thus organ~zed were submitted to the seminar for criticism 
and revision. This list was accepted as it appears below. 
Selected criteria.--The criteria for a good demonstra-
tion as used in this experiment are as follows! 
CRITBRIA FOR A GOOD DEMONSTRATION 
I. THE DEMONS'l1RATION SHOULD ILLUSTRATE .A, BASIC PRINCIPLE., 
II. THE DEMONSTRATION SHOULD ILLUSTRAT~ ON~ PRINCIPLE ONLY, 
III. THE ACTION OF T~ DBMONSTRATION SHOULD Bb CLEARLY 
VISIBLE AND AUDIBL~ TO ALL. 
A. Remove all the audio-visual distractors. 
B. Make sure the lighting faciliti.es are adequate. 
Spotlight or .otherwise sufficiently illuminate 
the thing being demonstrated. 
c. Adjust ~ndow shades so that students can see 
from all parts of the room. 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
1/Dunbar 1 s list of desirable characteristics is based 
on the list develope·d by Duff .. 
E. Be sure that those with poor hearing and 
vision ar~ seated a~propriately. 
F. Have the demonstration table arranged so 
that all pupils can see the demonstration. 
1) Vertiyal mounting of apparatus is es-
pecially ~ffective. 
2) Place the ~pparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion for all to see from all angles. 
G. Vvherever possible, make use of color contrast 
to make the apparatus or materials stand out. 
IV. THE APPARATUS SHOULD BE ON A LARG~ SCALE. 
A. The apparatus must be clearly visible from the 
furthest corner of the room. 
B. Vihere a· thermometer (or other meter) is essential 
to the demonstration, use a mock-up or V\0 rking 
model to help the class visualize this part of' 
the procedure. 
c. Large signs and diagrams may be used to 
supplement the spoken word. 
1) They must be previously prepared. 
2) They must be clearly visible to all. 
3) Green print on yellow is preferable to 
black on white. 
V. THE DEMONSTRATION SfiOULD 1NQRK: IT SHOULD BE AS IN-
FALLIB~ AS POSSIBLB. 
A.. Apparatus should be :tn sound working condition. 
~}B. Apparatus. shouJ.cf be a13 simple as possible .. 
1) Simplicity ot operation. 
2) As few .parts ~s possible. 
3) Avoid hrowdlng 1 overlapping and masking of 
~ the parts. 
~~ C. The demonstration should be rehearsed in advance. 
D. The demonstration should be well .... planned and 
prepared. 
1,) Set up appar.atus and have all materials 
carefully arranged on the demonstration 
table before the class meets. 
2) All the necessary measuring and weighing 
should be done before class. 
3) Scales and graduates should be placed 
away tram the demonstration table when 
, no longer in use. 
··~· 
VI. THE D~~ONSTRATION SHOULD Bb ~IMPL~ AND THE SPbED OF 
ACTION SUITABLE. 
A. Use simple setups and place the equipment in 
. -. 
order on the table so that the actiQn can pro-
ceed logically. 
~~--These might well be separate criteria. 
B. Talk while you work. Be sure to: 
1) Emph~size the main points; do not digress. 
2) Keep summarizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
c. Use a simple vocabulary. 
VII. THE DIDflONSTRATION SHOUL~ BE pYNAMIC. 
A. By definition, movement and action are essential 
to the demonstration. 
B. Positive effects of motion are more impressive 
than null effect·s of static display. 
Vlii.A SLIGHT DRAMATIC bLEMENT IS SOMETIMES USEFUL. 
IX. AN biLEM.hiNT OF 1'HE UNEXPECTED IS SOMETIMES EFFECTIVE. 
X. THE APPARATUS SHOULD B~ OF EASILY AVAILABLE AND INEX-
PENSIV.hi MATERIAL. 
XI. ~HE APPARATuS USED IN THE GIVEN DN~ONSTRATION SHOULD BE 
STORED AWAY INTACT UNTIL lT IS TO BE USED AGAIN. 
The frequency with which the above mentioned criteria 
were mentioned by the sources consulted is indicated by the 
chart below. The count was made merely for general interest. 
It has~ however, certain obvious values. The frequency of 
mention of the various criteria provides means of establish-
ing their validity. The table shows the relative importance 
of the criteria as recognized by these authorities. 
.. 
Table.l. The Frequency or Mention of the 
Selected Criteria by the Sources 
Consulted. 
Author- Criterion Number 
Source 1 21 3 4 s 6 7 e 
1. Arthur •••••• X X X X 
2. Billinger •.• X X X X X 
3. Cahoon ••.• , • X 
4. Coyle •..• , •• X 5. Colvin ••..•• X X X 
6. Dale ........ X X X X 
7. Davison •.... X X X X X 
8. Duff$ ....... X X X X X X X X 
9. Dunbar~ •.••• X X X X x, X X X 
10. Frank •••...• ·x X X X 
11. Gramet •.•..• X X 
12. Gould ••..... X X X X X 
13~ Haas • ........ X X 
14. Reiss •.•...• X X X X X 
15. Hitchcock ••• X X X X 
16; Hof.f. 111 •••••• X X 
17. Holley ••.••• X X X X 
18. Mack .......... o- X X X X X X X X 
19. Murray ••.••. X X 
20. Pinkus •....• X X 
21. Potthoff ...• X X X X 
22. Rakestraw ••• X .X X X X 
23. Reed ..... ..... X X X 
24. Richardson •• X X X X 
25. Riedel •.•••• ' X X X 
26. Selberg ••••. X X 
27. Sutton •.•••• X 
28. Van Horne .... X X 
29. Weaver X X 
JO. Wile s. , .•.•• X X X X 
Frequency ••...•• ll 7 25 19 22 14 4 7 
Criterion number 1 ! 21 3 4 51 0. 7 7 
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3. The Test Tephnique 
A. St!'-uctura of the Test 
Multiple choice items.--The test is composed of approx-
imately thirty multiple choice items. Each item is in the 
form of an incomplete ~:~entence, or a question, referred to 
as the stem, accompanied by three or more possible responses. 
Of the possible responses pr.eseri.ted to the examinee, one is 
the best response. The examihee- is also presented an 
answer sheet upon which.he checks in the parenthesis the 
response he has selected. The construction of the response 
items, in accordance with suggestions made by Ross1/, has 
been grammatically consistent, approximately of eq~al 
length, and plausible 1 in so far as possible. The writer 
has endeavored to make the type of responses for each item 
homogeneous in nature, in order to detect higher levels of 
understanding and discrimination. 
This 11 best-answer 11 variety of the rimltiple choice test 
means simply that one response best refers to the stem of 
the item. Each item provides 11 a response that competent 
critics can agree upon as best. 11_g/ The co:rp.petent <;ritics 
in this specific situation compose a group of in-service 
1/ c. c. Ross, Measurement in Prentice-Hall I~n~c~.~,~N~e~w~Y~o-r~k~,~~~~~~~~~ 
2/R. L. Bbel and E. F'. Lindquist (Editor), Educational 
Measurement, George Banta Publishing Co., Menasha, 
Wisconsin, 1951, p. 232. 
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science teachers. The writer has taken great care to 
11make all distractors plausible and attractive to examinees 
who lack the information or ability tested by the itemn,l/ 
and "avoid highly tec·hnioal dist:r>actors 11 • 2/ In reference 
to the multiple choice type test, OdellJ/ states that 
I! they may be used to test not only knowledge of' facts and 
amount of' acq~ired information, but also knowledge of' cause 
and effect relationships, ab~~ity to make comparisons, to 
evaluate, to apply, to il~ustrate, to define, and so forth. 
They are easier to prepare, and also to score, than some ot 
the other types. 11 He further add)±/ 11 almost all kinds of' 
multiple answer tests can be constructed so that they 
possess practically perfect objectivity. 11 The scorer is not 
faced with the problem of partial credit on this type of' an 
examination. Either the response that is ~hecked upon the 
paper is correct, or it is not correct, with no qualif'ica-
tions. 
Levels of' diff'iculty.--The writer is making an attempt 
to determine to what probable extent application and recog-
nition, as well as understanding of a scientific principle 
1/ Op. cit. , p. - 234. 
2/ ~o,y p. 23,5. 
3/ c. W. Odell, Traditional Examinations and New-Type 
Tests, The Century Co., New York aridLondon, 1928, p. 282. 
4/ Op. cit., p. 282. 
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have been gained throl..l-gh the demonstration activity. For 
this reason, it is nece$sary for the examiner to approxi-
mate the difficulty range of the test items which he has 
I !prepared. It is well r~cognized that there are various 
;levels of learning.l/ In prder to measure these levels of 
learning, a testing device of va~ious levels of difficulty 
il~mst be constructed. ·The actual judgment of item difficulty 
1
Fust be left up to the subje.ctive judgment of the test con-
lstructor. 11 The use of subjective judgment in estimating 
'item difficulty at the stage of item construction is to be 
encouraged. Such ju~gments, when based on all available 
experience, are distinctly helpful in leading to the con-
~Jstruction of' items of the desired dif'ficulty. 112/ The con-
i 
!structor has ample opportunity to construct the items of 
!various degrees of difficulty by using more remote subject 
matter applications, or by including unusually good dis-
Odelll/ states that, in rractors in the test items. 
1
J:>eference to good di strac tors, 11 their selection /distr ac tors7 
i 
will depend to some extent upon how difficult it is desired 
:to make the test. Incorrect answers should, however, never I 
ibe obviously incorrect .to a pupil who knows little or 
I 
11/ Vif. A. Brownell and U. M. Sims, The Measurement of 
Understanding, Forty-fifth Yearbook, National Society 
for the Study Qf Education, 1946, University of Chicago 
Press, Chicago, Illinois, pp. 27-43. 
2/ K. W. Vaughn and E. :B'. Lindquist (Editor), Educational 
Measurement, George Banta Publishing Co., Menasha_. 
~~isco~sin, 1951, p. 174. 
:3/ Ibld., p. 286. 
~- -.-.-
q8 
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nothing of the matter dealt with •••• 11 
The various levels of learning may be broken down to 
three broad r;.ategories. The :first level of learning may 
be labelled, or described as me~e :factual retention. The 
second level employs ~nough ~derstanding o:f the :factual 
retention so that the learner can recognize and apply, in 
simple situations, the principles or concepts which he has 
retained. The third level of learning is reached when the 
learner can recognize and apply the understanding o:f the 
:factual material to more complex, unfamiliar, and difficult 
situations. The test has been constructed with these three 
levels o:f learning in mind. The first third of the test is 
cdncerned with items of the first level of learning, and so 
on. Thus, the test can be said to measure three levels o.f 
learning, all concerned with the same demonstration, and 
the same scientific principle. This method of testing 
tells the examiner to approximately what extent the. pupil 
can recall, understand., or apply the principle. 
Vocabulary.--It is only logical for one to assume that 
the vocabulary used throughout the experiment must be consis-
tent, or at least on the same level. Vocabulary comprising 
the test must, of necessity, be equiv.alent to that used 
during the demonstration. _Inconsis·tent vocabulary is one of 
the factors which could unfavora,b},y a,f1,ect the reliability of 
the testing program. If the vocabulary within the testing 
device is inconsistent with that of the oral demonstration, 
one can expect a low reliability of the whole testing pro-
1 cedure. Reliability, i tsel:F,c. ,;i.s the consistency with which 
. a test measures Hwhat it mE?asui>esn .. 
The vocabulary of the testing device has been ,amended by 
the critic-jury to establish Q.Qnsistency of vocabulary 
throughout the experiment and :vqcabulary comprehension at the 
grade level at which the test is used. 
The test tryout.-.- 11 After a set of test items has been 
written, criticized by subject matter -experts, and revised 
on the basis of their criticisms, it must ordina~ily be 
tried out experimentally on a sample of examineE;)s.'rl/ 
Prior to any experimentation, the test was subjected to a 
, tryout on at least one hundred pupils o;f equivalent age 
and grade levE?l, but are not included in the experiment. 
This independent tryout tended_to expose any unueually poor 
items, or poor distractors among the possible responses. 
Such items oould be dropped completely from the test, or 
eliminated in the .final tabulation of the total results. 
As was stated previously, the total number of items 
in the test approximates thirty, but some may be dropped 
due to the discretions of the critic- jury, or as a resuJ_ t 
the test tryout. 
]} Ht S. Conrad and E .. F:e. Lindqui.st (Editor)~ Ed~catf.onal 
Measurement, Qeorge Banta PuBlishing Oo!, Menasha, Wis-
oorisin, 1951, p. 250. 
of 
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The test period. --The length of the testing period for 
both the pre-test and the post-test has been indefinit~, in 
so far as no specific time limit has been set for either of 
the tests. The test period may continue on until every 
pupil has completed the test, in sci far as possible. Each 
pupil is allotted sufficient time to at least read all of 
the items pre13ented him. A mu;Ltiple choice test of thirty 
i terns can be approximated as requiring aoout ten minutes to 
be read through completely. Odelll/ has recommended that 
11 on the average elementary-school pupils be expected to 
respond to three or four such exercises /illultiple choice 
item~? per minute. 11 
By allotting sufficient time for ~11 examinees to 
attempt all the items, the influential factor of time it-
self is eliminated. As stated by Lindquist,_g,/ 11 The most 
coMnon way of reducing or eliminating the influence of time 
, on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all 
the· items in the test. 11 Pupils are told to complete all 
items, and are watched to see that they keep at this task 
until finished. 
1/ C. Vi. Odell, Traditional Examinations and New-Type Tests, 
· The Century Co., New York and London;· 1928, p. 285. · · 
2/ A. E. Traxler and E. F. Lindquist (Editor), Educational 
Measurement, George Banta Publ~.shing Co., Menasha, Wiscoh-
sin, 1951, p~ 340. · · 
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B. Aims and Use of the Test 
Employ1:ng statif)tics.--The test is an instru.m.Emt 
to obtain: statistics for mt;Jasuring growth of' learn..., 
·, due to a specific educational experience, namely a 
scientific demonstration. Every effort has been made in 
he construct:i,.on of the test to measure as precisely as 
os sible, the 11meaningful learning'' that bas been gra:sped 
y each pupil subjected to the demonstration and the test-
etest procedure. The only descriptions of the learning 
:and uncierstanding that have taken place are the statistics 
which can be applied to the results of· the tests taken by 
the examinees. In accordance with Guilford,-J/ :i.t appears 
obvious that 11 statistics enable us to summarize om"' results 
in meaningful and convenient form 11 ~ The summaries of the 
test results will enable educators in the field of science 
education to make general conclusions and predictions con-
cerning the presentation of the particu~ar scientific 
.principle that has been demonstrated. Experimental and 
statistical methods cannot be divorced_;f'rom each other, in 
so far as, 11 The experiment dir•ects our observations and 
yields data. By means of st13-tistical methods, we can sum-
marize those data, interpret them, and determine their 
1/ J. p. Guilford, FundG:l-mental Stati'stics in Psychology 
and Education, McG:~,~aw-Hill Book Co.~ New York and London, 
1942' p. 3. 
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f'eliabili ty. n1!:/ 
In this respect, Brownell2/ has stated that 11 Al together 
too commonly understandings are disregarded in evaluation 
.(and in teaching) in favor of outcomes which are more easily 
/measured (and achieved) .11 
Test-retest method.--If the educator is to measure 
growth, or learning, due to some specif'ic learning activity, 
he cannot overemphasize the tri:mportance of knowing initial 
status with respect to understanding.n)/ The writer is 
convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by 
means of the test~retest method. That is, by administering 
identical tests prior to, and after the learning situation. 
It is conceded that 11 not all the ga:Ln found can be correctly 
attributed solely to the remedial program /the demonstration 
perio.£1 Some of.it is doubtless due to the practice effect 
or to familiarity with the test itself, part of it to 
te~ching received outside of school, and part of it to 
natural growth. ul±/ For purposes of' predicting this 11 probable 
gain11 , the wx·i ter has made use of a control group in the ex-
periment. 
1/ J. P. Guilford, Op. cit., p. 156. 
2/ w. A. Brownell, The Measurement of Understanding, 
Forty-fifth Ye~rbook; National Society for the Study of 
Education, 1946, University of Chicago Press, Chicago, 
Illinois, p. 2. 
3/ H. R. Douglass and H. F. Spitzer, Forty-fifth Year-
book, O:e. cit., P· 24. 
4/ c. c. Ross, Op. oi t., 
...,--
p • 206. 
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il~-hat the test en~avors to determine.--Any increase 
in scores of the control group on the post-test (the same 
test that has been given the-second time) may be labelled 
as the probable gain that can be attributed to familiarity; 
or external factors concerning ~he test. The writer has 
sought to determine the signif'idant increase of the scores 
on the post-test of the experimental group, and compare 
this increase with any possible increase made by the con-
trol g~oup on the post-test. By lmowiLg anproximately 
what percentage gain on the test scores may be attributed 
to 
11
chanceH, as determined by the control group, the writer 
is able to conclude in th~s instance, that any significantly 
·-larger gain in thE;1 scores of the experiment group has been 
due to learning gained during the demonstration process. 
Assuming that the constructed test is both,.reliable 
and valid, statistics applied to the results emanating 
1 
from the te.st wil:).. yield invaluable data in predicting at 
'what grade, or grades this specific scientific principle 
can be presented with predictively good results. Statis-
tical interpretations of the test results are the means to 
these predictions. This is stated in essence by Guilfora!/ 
1who states that 11 statistical reasoning is basic to all pre-
dictions11. 
:1/ Ibid., p. 176. 
---~ - --- -~- - --- -- - ----- - ~ - -- - --
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C. Characteristics of the Test 
Reliability of the test.--The reliability, being the 
ecision and cons is tancy with which the test measur~s 
11 what it measures 11 , is a :most· important characteristie of 
the test. In this specific testing situation, the scores 
o:n the pre-tests and pos t~tests given to the experimental 
group cannot be correlated for purposes of determining 
eliability since the material being tested has been 
presented to the examinees in the period intervening the 
two tests. 
All exte~nal factors doncerning the test have been 
kept as consistent as possible. The element of time does 
not detract from the reliability, because provisions have 
been made for each pupil to at least consider all the test 
items. The influential time factor has been kept at ~ 
minimum. Lindquist1/ concurs in stating that 11 Th€;) procedures 
I 
' /Eestin_g7 be<;ome entirely unsatisfactory particularly in any 
test in which speed is a significant element in the score''. 
The sampling of the material has been adequate, since 
all the test items have been constructed on the basia of a 
single scientific demonstration. A test of' high reliability 
is further assurE;ld in the length .of the test. It is gener-
a1ly conceived that the longer the test.r the higher i:ih~ 
1/. E. F.· Lindquist (Editor), Educational Measurement., ?P· cit., p. 617. 
I 
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reliability. The test in consideration contains approxi-
mately thirty items, measuring the understanding derived 
from a single scientific principle. 
Validitr.--Validation o~ the test items has been by 
jury, as mentioned previousiy. The jury was composed of 
in-service science teach~rs. 
• 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
l. Description of the Demonstration 
The aim of the demonstration was to illustrate that 
the compression of a confined gas increases its pressure. 
Before the principle could be demonstrated to fifth and 
seventh grade pupils~ it first was necessary to give some 
! background material on the nature of gas. This was done by 
making a comparison of the molecular make-up of the three 
forms of matter. A large chart, 29 by 14 inches~ was used 
to illustrate the relative spacing of molecules in a solid, 
a liquid and a gas. (Figure 1.) The relative velocities 
of molecules in the three forms of matter were explained. 
0 
0 
0 
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Figure 1. A Chart Showing the Relative Spacing of 
¥olecules in the Three Forms of Matter 
Equipment to demonstrate the principle included an 
brdinary balloon, a bicycle tire pump, a cross- sectional 
I . 
~odel of the tire pump and a bell-jar apparatus. The I . 
Falloon was inflated and Squeezed so that the air was 
i . 
,trapped in a smaller space, increasing the pressure in-
1 
/side of the balloon. After the action of the bicycle 
! \ 
iltire pump was shown, the interior structure o:f the pump 
ra s pointed out on the. oro s s- sectional model. (Figure 2. ) 
Figure 2. The Model of 
the Tire Pump 
The model was constructed in such a manner that the piston 
il cottld be raised and lowered. Three differently sized. cards 
were made and dotted with small circles to represent mole-
:cules, each card containing the same number of molecules. 
I 
1 The cards were constructed to fit into the cylinder when 
, the piston was placed in various positions. One card 
showed the molecular arrangement of the gas with the piston 
'-./ 
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near the top of the cylinder. The second card showed the 
molecular arrangement after the piston had been pushed down 
three-fourths of the way into the cylinder. The third card 
I 
I 
i illustrated the position of the compressed gas molecules 
when the piston was pushed to within one-eighth of the 
1 bottom of the pump. (Figure 3.) By closing the outlet of 
the pump model and by inserting the cards, it was possible 
' to demonstrate that the increased pressure in the pump was 
due to the smaller space in which the gas molecules were 
,confined. 
! 
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Position 1. 
Figure 
To enable 
and forced out 
small balloon 
and inflated. 
3. 
the 
of 
was 
The 
Position 2 Position 3 
Three Cards Showing Molecular 
Arrangement of Gas in a Pump 
students to see that air was compressed 
the pump by the lowering of the piston, 
attached to the hose of the bicycle pump 
balloon was then removed and the outlet 
a 
""''9 I'' 
of the pump closed to demonstrate how the increasing air 
pressure resisted the lowering of the piston and how it 
forced the piston back when the handle was released. 
The concept of atmospheric pressure was then intro-
duced. A bell-jar apparatus was used to more clearly 
demonstrate the relationship of pressure and volume. The 
' bell-jar was constructed by grinding off the bottom on an 
! ordinary gallon jug. Over the bottom a rubber balloon was 
stretched. A rubber stopper with a glass tube passing 
through its center was inserted into the mouth of the jar. 
At the end of the glass tube a rubber balloon was attached. 
(Figure 4.) 
Figure 4. A Bell-jar Apparatus 
The volume of the jar was decreased by pressing in on the 
rubber membrane. This increased the pressure in the jar to 
above atmospheric pressure~ causing the balloon to collapse. 
! 
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When the rubber membrane was pulled down, the air pressure 
in the jar was lowered to .below atmospheric _pressure and 
the balloon was inflated slightly. A comparison was made 
between the action of the bell-jar and the action of the 
pump, using both the bicycle tire pump and the cardboard 
model of the pump. 
The talk accompanying the demonstratiOn was recorded 
on a tape recorder t0 make certain that identical demon-
strations were presented to each class. Fourteen minutes 
were required to present the demonstration. 
2. Lay-out of the Demonstration 
I. 0 &. 
I 
Figure 5. Demonstration Lay-out, A Top View 
DEMONSTRATION EQUIPMENT 
1. Tape reco~der 
2. Cardboard model of the tire pump 
3. Cards showing molecular action in the pump 
4. Bicycle tire pump 
5. Chart showing the relative spacing of mole-
cules in solids, liquids and gases 
6. Bell-jar apparatus 
&. 
/, 
Figure 6. Demonstration Lay-out, Student View 
8:1 
•I 
I: 
3. Description of the Test H2 
The test contained 27 multiple-choice items written 
in question form. Each item had four answer choices, one 
being correct. The test was divided into three sections, 
each section containing nine items. The first section was 
made up of items directly related to the demonstration. 
Section two contained questions which were applications of 
the science principle being demonstrated, and the last nine 
; items were more difficult applications of the principle. 
All test booklets were numbered with numbers r~nging from 
· l to 40. 
i 
The test was given in eight schools located in five 
cities that lie within a radius of 35 miles from Boston. 
!In the administration of the test the following procedure 
was used. The test was given to the entire class with 
;enough time being allowed for most of the students to 
finish the test. In the seventh grade 20 to 25 minutes 
were required to complete the test. In the fifth grade 
a 25 to 30 minute period was sufficient. In some instances, 
.one or two students ·were unable to complete the test in this 
1 time, but because of the time limitation, all answer sheets 
were collected at the end of the period. After the 
completion of the pre-test, the class was divided into two 
l 
equal parts by the use of random numbers. The list of 
:l 
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ij random nunibers was obtained from Pea tman 1 s random number 
table.Y If the number written in the upper right hand 
corner of a test booklet corresponded to the number read 
. by the experimenter, the student using that test booklet 
left the room and became part of the control group. After 
'half the class had left the room, the demonstration was 
\ given to the remaining half of the class. 
In the two schools which contained both the fifth and 
seventh grades,a slightly different procedure was followed. 
rjThe pre-test was administered to the seventh grade by the 
! 
I 
experimenter and to the fifth grade by the fifth-grade 
teacher. After the pre-test was completed, a randomly 
,chosen half of the fifth grade class exchanged places with 
I t I .. 
a randomly chosen half of the seventh grade class. The 
fifth grade classroom then contained the control groups of 
the fifth and seventh grades. The experimental groups in 
\the seventh.grade classroom then witnessed the demonstration~ 
Fourteen minutes were req~ired to complete the demonstration. 
I 
During this period the control group was allowed to read 
,anything but subjects pertaining to science. After the 
!demonstration, the control group was given the post-test 
:by the regular classroom teacher while the experimental 
lh-7'------
1 John Gray Peatman, Description and Sampling Statistics, 
iNew York, Harper and Brothers, l947, pp. 544-545. 
I 
I 
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group was given the post-test by the experimenter. In each 
school the entire program took approximately 75 minutes to 
• 
complete. 
4. Description of Schools and 'Towns 
Eight schools in five different towns participated in 
the study. The towns will not be mentioned by name but will 
be referred to as A, B, C, D and E. The schoo.ls will also 
and teachers in the participating schools and from the New 
England Community Statistical Abstracts·. y· 
Schobls located in Town A.-- School A is an elementary 
school composed of grades one through six. It has an ap-
, proximate enrollment of 260 students. The fifth grade 
class that took part in the experiment has an enrollment of 
'35 students, 10 being absent on the day that the demonstration 
was presented •. The fifth-grade teacher classified the absent 
students as being in the middle of the group scholastically. 
Three 25 minute periods a week are devoted to science studies 
the fift~ grade. 
School A1 is a uunior high school composed of grades 
JlJRalph G. Wells, editor, New Enkland Community Statistical 
!Abstracts, Bureau of Business Re~earch, Boston University 
School of Business Administration, Boston, 1949. 
··,: 
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,seven, eight and nine. It has a total enrollment of 450 
I 
students. The students are grouped homogeneously according 
to.mental ability. A higher-than-average seventh grade 
class of 30 students participated in the experiment. The 
group studies science during three 45 minute periods each· 
week. 
Town A is a small industrial town located approximately 
j 15 miles from Boston. Its population totals 16, 963. 
·. ~wenty-two per cent of the population is foreign born. The 
' principle types of J;I.l.anufacturing are varied. Products manu-
.I 
factured in the greatest quantity are bookbindings, rugs, 
brakeshoes, floor coverings, iron castings, leather goo~s, 
printing inks, roofing materials and shipping cases. 
Printing and publishing is a~ important industry. Table 2. 
shows the distribution of occupations of the residents in 
this town. 
School in Town B.-- School B. contains grades one 
through eight. Three hundred and two students are enrolled. 
The fifth grade class whiqh took part in the experiment 
totals 30 students, a~d only two were absent on the day of 
the experiment. There is. no specific time devoted to the 
study of science in this fifth grade. 
The seventh grade class ·is composed of 24 students. 
This class devotes two 40 minute periods per week to science. 
Town B is a manufacturing town located 35 miles from 
I 86 
,l 
'joston. 
I . 
It has a-population of 22,577. Seventeen per cent 
! 
pf the population is foreign born, Canadians representing 
I ' 
approximately forty per cent of this group. Principle 
I . 
~~industries include the manufacturing of automobile equip-
~ent, boxes and displays, gifts and novelties, jewelry, 
~rptica l goods, plastics and bakelite, s il veNiar e, to 0 l s and 
bachinery, and tubing and wire. Many people are employed 
II lfY engraving, printing, textile and woodworking firms. 
~able 2 shows the distribution of occupations of the resi-
!~ents of this town. 
!) School in 'J!own C.-- School C also has grades one 
! 
through eight. It has a total enrollment of 297. Thirty-
one students make up the fifth grade class, and four were 
absent on the day of the experiment. The class has one 40 
minute science period per week. 
The seventh grade is made up of 35 pupils. For science 
the class is divided, the boys in one group, the girls in 
I 
the other group. Two 45 minute periods a week are allotted 
I
I . 
'lito the study of science. 
I Town C is located 18 miles from Boston and has a total 
I 
,~opulation of 8, 774. The foreign born population totals 
~, 286·, and the total number of students enrolled in the 
! 
!schools is 1,621. Factories in this town manufacture boxes, 
abrasives, auto trailers, builder's specialties, cabinets, 
doors, floor covering, hospital supplies, machinery, rope 
ll 
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jand jute papers, roofing, textiles, paper mill machinery 
~and window frames. Printing and publishing businesses are 
! 
I 
• residents is 
I 
I 
Schools in Town D.-- School D is an old four-room 
iwooden building. The school includes grades f0ur, five and 
six and has a total enrollment of 150 pupils. Thirty-five 
children are in the fifth grade class. Science is not 
taught in this school. 
School D1 is a junior high school. It normally in-
eludes grades seven and eight, but because of crowded 
conditions in the elementary schools, it also contains one 
sixth grade class. The total enrollment in the school is 
300 students, and 265 are enrolled in grades seven and eight. 
I 
I 
The seventh grade class which participated in the experiment 
is made up of 33 students. Two 50 minute periods each week 
are devoted to science. 
Town D is a small manufacturing town 30 miles outside 
of Boston. Of the 16,010 residents, 3,086 are foreign born, 
rrid 57 per cent of these foreign born are Italian. The 
!Principle products manufactured are cigars, baking and 
ltanned.products, concrete pipes, iron balustrades, macaroni, 
1 etal stampings, dies and gnL:Jges, rubberized fabrics, Shoes 
I -
,j 
1
straw hats, truck bodies, woodcraft and cabinets, and wool 
I 
'felt bodies. Table 2 includes the occupational distribution 
88 
'of the residents-of Town D. 
Schools in Town E.-- In this town classes in both a 
junior high and an elementary school took part in the study. 
' School E, an elementary school, is .a modern building com-
pleted only last January. Six grades are included in the 
school, and it has a total enrollment of two hundred and 
seventy-nine students. The fifth grade that witnessed the 
demonstration is made up of 30 students. No formal science 
cl~ss is taught, but the group often discusse~ topics per-
taining to science. 
Seventh graders attend the junior high school which 
! has a total enrollment of 146 pupils. School E1 includes 
grades seven and eight. Although the building is very old~ 
· the classrooms are well lighted and painted with cheerful ii 
I 
The rooms also contain movable furniture. One colors. 
seventh grade cla·ss of 25 students took part in the study. 
Three 50.minute periods are devoted to science each week. 
Town. E is located about 12 miles from Boston and is 
. II classed as a suburban community. The population of the 
town is 6,500. The town·has no factories:and only a few 
business establishments. The great majority of residents 
are professional or semi-professional people who commute 
to work each day. 
This residential community is characterized by a 
rapid growth of population, and each year many new homes 
•• 
j 
jare built in this area. 89 
Table 2. Distribution of Occupations in Towns A~ B, C and D. 
i 
1\ ============================================= 
Occupations of 
Residents 
( 1) 
Professionals ••••••• 
!Semi-professionals •• 
Farmers and Farm 
1 Managers ••••••••• 
1 Proprieters and 
I 
' Managers ••••••••• 
Clerical and Sales •• 
Craftsmen ••••••••••• 
,
1
' Operatives •••••••••• 
Domestics and other 
1 Services ......... . 
! Farm La borers ••••••• 
I Laborers other than 
1 . Farmers •••••••••• 
i Others .....•... • · · · •-· 
\• 
TOWN A 
Per cent 
of Tot.al 
Emplored (2 
fl.-.0 
.8 
.2 
6.0 
18.7 
15 .. 5 
25.5 
9.4 
.8 
15.0 
1.0 
Total............... 100 
TOWN B 
Per cent 
of Total 
Employed 
5.5 
1.2 
1.0 
7.2 
16.8 
16.3· 
40.6 
8.2 
.6 
2.2 
.4 
100 
5.· Treatment of the Data 
TOWN C 
Per cent 
of Total 
Employed 
7.1 
.9 
1.2 
6.7 
19.8 
17.7. 
26.4 
8.5 
1.4 
8.3 
2.0 
100 
TOWN D 
Per cent 
of Total 
Employed 
(5) 
6.1 
.8 
.5 
6.9 
15.3 
16.4 
39.3 
7.0 
.5 
6.3 
.9 
100 
A total of 274 students took part in the experiment. 
This number included 140 seventh grade stud~nts and 134 fifth 
grade students. For ·purposes of analyzing test results, the 
total number of seventh grade students and fifth grade students 
· . 
...... , 
'4t -~ 
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were considered as one seventh ·grade and one fift~ grade. 
In order to obtain the mental ages of the students, 
the Otis Quick-Scoring Mental Ability Test, form Beta, was 
given. The students in each grade were then divided into 
three mental age groups; the modal mental_age, the underage 
deviates and· the overage deviates. The modal mental age for 
the seventh grade was 174-188 months and 132-146 months for 
the fifth grade. Students with mental ages below 174 months 
in the seventh grade and 132 in the fifth grade were classi-
.fied as underage deviates for each grade. Students with mental 
ages above 188 months in the seventh grade and 146 months in 
the fifth grade were grouped as overage deviates for each grade. 
The number of students falling into the different groups in 
! both grades is presented in Table 3. 
Table 3. Number of Students Falling into Different 
Mental Age Groups 
Grades Modal Underage Overage Total 
and Mental Deviates Deviates 
GrouTs {1 
Age 
{2~ {3} ( 4~ \5} 
Control 22 30 14 66 
Grade Experi-
Seven mental 20 38 16 74 
Total 42 68 30 140 
Control· 15 21 27 63 
Grade Experi-Five 
me:Q.tal 22 27 22 71 
Total 37 48 49 134 
91. 
Use of the normal percentile chart.-- To compare pre-
test and post-test scores of the different mental age groups 
in both the experimental and control groups, the Otis Normal 
Percentile Chart was used. This chart was chosen because it 
accomplishes all the purposes of graphic representation and 
interpretation of the scores of a group and because it does 
so in the simplest and easiest manner. According to Otis, 
the needs met by the chart are the following:l/ 
11 1. To see at a glance what the central tendency 
of the group of scores is, and also to obtain a measure 
of the centraltendency. 
2. To see at a glance how widely the scores are 
distributed, and to obtain a measure of the variability 
of the scores in the group. 
3. To. compare quickly and easily the central 
tendencies of two or more groups of scores. 
4. To co~are quickly and easily the variabilities 
.of two or.more groups of scores. 
5. To find what portion of a group of individuals 
attain any given score. 
6. To find the score that is attained by any given 
portion of the group. 
7. To discover the peculiar characteristics of a 
distribution as to normality, skewness, etc., .and to test 
the equality of units in various parts of the range of 
scores. 
8. To divide a group of individuals into subgroups 
or otherwise classify them on the basis of scores •••• 
1/Arthur S. Otis, Normal Percentile Chart, Manual of Directions, 
World.Book Company, New York, 1938, p.l. 
• I 
I. 
' 
' 
10. To find the correspondence between scores in 
two or more tests; that is~ to find the score in one test 
that represents the same amount of ability as is repre-
sented by a given score in some other test. 
11. To find the correspondence between scores and 
scholarship marks~ scores and ratings, scores and ages, 
etc.; that is, to find the correspondence between any two 
measures whatsoever •••• 
13. To set up norms of performance in terms of scores 
attained by pupils of various ages or grades or of given 
percentages of pupils of large tunselected groups.t n 
The general procedure used for.-drawihg the percentile 
; curves in the following charts is that recommended by Otis: 
i. 
; :" (l) distributing the scores, (2) finding the subtotals-the 
1: 
1 
l umber of cases to and including those in each interval of 
1 
(3) reducing these subtotals to per cents, (4) locating 
oints on the chart representing these per cents, and (5) draw-
: ing a smooth curve through these points. 11V 
Separate sheets of paper were used for the listing of 
score intervals, frequency, subtotals and per cents. These 
ork sheets follow each chart along with an interpretation of 
'! the chart. 
1J Arthur S. Otis, op. cit., p. 3. 
NORMAL PERCENTILE CHART ' By Arthur S. Otis '~ Grade or group No. of cases Measure (Examination) Form Date Examiner Graphs by School City )3 
.' :~ I I I m • u-• I I I I I. I I U • ~ ~ 
ariable I 
~~Sub~ I Per L totals cents 
r--c .) 
Variable II 
Score 'Freq~,Sub~~ Per 
intervals 'ncies totals centsll.1 
:21 
:l.O 
19 
II' 
/7 
I~ 
If 
11-
I.J 
1:2 
II 
/0 
9 
~ 
7 
lo 
S' 
1 
.J 
2 
J 
.2 .3 .4.5 1 
tn 160 41- IM lATTlF 
" 
fl 
~ 
IP!\11. I Ill[ 
"f. r 11' In WI'B<Jel IUCWf1 
[IJH. 
- ~ 
Median .1 .2 .3 .4.5 1 
2 
'' 
3 4 5 
'" 
ffiXlll: 
~ 
'II t:j.! 
2 3 4 5 
10 l 20 
~ 
~ 
10 20 
PERCENTILE SCALE 
30 40 
II 
j,oj" 
I"U.l -· 1-r 
· I I 
30 40 
50 60 
II: f+ ~• 
H·hr+...::tfi-H+_. ·. I 
mTRtttt· 
f+l+W-4ttt-
1 1 1 
:z 
tT 
ttl+ 
~rt~ 
r+~ I rr_ 8#· .. _. ·_-f:tttttti .. r . 
.. 
+r.- -
±l±l::::::+<-tFF 
+H-rftt'-: f +- ' 
~ 
50 60 
70 
1 I I i! 
~ 
:!Ji:Ikf'f 
70 
80 90 95 96 97 98 99 .5 .6 .7 .8 99!9 
, 
l7 
~ 
17' 
~ 7 
7 
17 
17 
~ 
f-,--n--'" 
+-+ ~~-+++--+ ~ 
t- r-;-t-
80 90 95 96 97 98 99 .5 .6 . 7 .8 99J9 
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Work Sheet for Chart I 
C'4_ 
.. 1 
Lirie 1 Line2 
-
eventh Grade Experimental Group, Seventh Graae Control Group Pre test 
e test, Moaal Mental A.ge Group. Modal Mental Age Group · 
Score Freq. S.T. Per cent Score Freq. S.T. Per cent 
]nterval Interval 
21 1 . 22 100 
20 l 21 95.4 
i 19 l 20 100 1 20 91 
I 
i 18 l 19 95 l 19 86 
I 17 
! 
! 16 2 18 90 3 18 82 
I 
115 1 16 80 2 15 68 
i 
I 
I 
14 3 15 75 4 13 59 
.13 2 12 6o 2 9 Ll 
12 2 10 5o 
11 3 8 40 2 7 32 
10 3 5 25 2 5 23 
9" 2 2 10 
8 1 1 5 2 3 13.6 
7 
6 
5 
. -
4 
3 l 1 j.4.5 
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Line 3 Line 4 
·fth Grade Experimental Group, Fifth Grade Control Group Pre test 
-
e test, Modal Mental Age Group. Modal Mental Age Group 
Score Freq. S.T. Per cent Scere Freq. S.T. Per cent I terval Interval 
21 
20 
19 
l8 
:l7 
I 
;16 1 22 lOO 
l5 
I 1 15 100 
I 
b.4 
'I 
1 21 95.4 1 l4 93.3 
~3 
- I 1 20 91 z 13 87 
12 1 19 86 2 ll 73 I 
i 
18 82 2 lO 67 il.l 3 
:I 
15 68 2 8 53 n.o 2 ! 
i9 3 13 
I 
59 1 6 40 
8 . 4 10 45 2 5 33 
,i 1 2 6 27 1 3 20 
6 1 4 18 2 2 l3 
5 2 3 13.6 
4 1 1 4.5 
e •3 I 
96 
Explanation of Chart I.-- The purpose of Chart I is to 
1
establish whether or not the random division of grades five 
I 
and seven into experimental and control groups was effective. 
Pre-test scores of the experimental and control modal mental 
age groups in both the fifth and seventh grades are used for 
comparison. 
The percentiJe curves indicate that the scores of the 
fifth grade experimental and control groups are nearly equal. 
The curves representing the seventh grade experimental and 
control groups also show only a slight difference in scores. i . . -
Because the difference between the two pairs of curves 
negligible, it is reasonable to assume that the random 
of the two grades was successful. 
Grade or group No. of cases 
I 
II 
Tariable I Variable II 
NORMAL PERCENTILE CHART 
Measure (Examination) Form Date Examiner 
I PERCENTILE SCALE 
Graphs by School 
By Arthur S. Otis 
City~ 
Freq~~ Sub~ I Per II Score IFreq~~ Sub~ I Per 
'ncies totals cents intervals 'ncies totals centsll.1 .2 .3 .4 .5 1 2 3 4 5 10 20 30 40 50 60 70 80 90 95 96 97 98 99 .5 .6 • 7 .8 99!91 
r--r. } 
~:J 
.tl:l 
f). I 
tlO 
/1 
If 
17 
I~ 
IS' 
/.f. 
/J 
1{). 
II 
10 
1 
~ 
7 
It, 
0 
"' J 
Median 
Standard Deviation Scale 
.,. I± 
........ cLlJ 
(_f 
IHl 
~ tal :X 
UJ: 
lll£l'lml 
. ...,. lJQft 
1/ 
· j-
"-
+ 
L 
f-t 
.1 .2 .3 .4.5 1 2 3 4 5 10 20 30 40 
-~ 
ttlttF ~ 
I ' ' tJ4 
...,;r 
L.H. 
:...... 
f4+-4f1Lt 
~ti±i± 
v 
L 
I"'[ 
lL_ 
m __1_.1 
Ll"'i rr 
~I ~ _j_~t.A 
lr•jj:b£4tielfm~n±fi· lii~aJ 
_j\;.1110 
I I I 
...... tTrottn; 
_,. 
50 60 70 80 90 95 96 97 98 99 .5 .6 . 7 .8 99J9 
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Work Sheet fdr Chart II 
Line 1 
:ffu Grade Control' Group 
P1st-test, Modal Mental Age Group !~core Freq. S.T. Per cent 
I ~terval 
23 
[e2 
:12l 
I' 
:I 
i 120 
I 
I 
~9 
tl.8 
' . 
I 
I 
r: 
b.5 1 15 100 
:l4 1 14 93.3 
13 1 13 87 
1\12 3 l2 80 
6Q 11l 3 9 
I 
I lO 1 6 40 
9 
8 . 2' 5 33i 
7 1 3 20 
6 2 2 13 
Line2 
Fifth Gracle Experimental Group 
Post-tes,t, Modal Mental Age Group 
Score · Freq. S.T. Per cent 
Interval 
l 22 J.OO 
l 21 95.4 
2 20 91 
2 18 82 
3 16 73 
2' 13 59 
3 ll 50 
4 8 36 
3 4 18 
1 1 4.5 
• 
Line 3 Line 4 C'9 ,y ... 
srenth c;raae control Group Seventh Grade Experimental Group 
P :s-&--test, Modal Mental Age Group Pest-test, Modal Mental Age Group 
Score Freq. S. T. Per cent Score· Freq. S.T. Per cent 
I 1terval · Interval 
I 1 20 100 
:22 
I 
1 22 100 1 19 95 
2 18 90 
1 16 80 
2 21 95.4 1 15 75 
2 19 86 4 14 70 
2 17 77 1 10 50 
115 5 15 68 4 9 45 
1)14 2· 10 45 5 5 25 
13 2 8 36 2 2 10 
12 1 6 27 
11 1 5 23 
10 2 4 18 
9 2 ·2 9 
8 
7 
6 
~· 
I, 
I, 
\ __ ) 
:100 
Explanation of Chart II.-- In Chart II the post-test 
grades. 
Higher scores were made by the experimental groups of 
both grades; however, the post-test scores of the fifth grade 
' experimental group were lower than the post-test scores of 
the seventh grade·control group. The chart also suggests 
that the seventh graders learned more from the demonstration 
than did the fifth graders. 
· Bosmn tmt\.~rty 
School of Education 
. ""- Library 
' i 
Grade or group No. of cases 
:~ I I I 
ariable I Variable II 
Freq:ISub~ Per Score Freq~ Sub~ Per 
'ncies totals cents intervals ' . totals cents nc1es 
----,_ 
l, 
:l:J 
:2:2. 
. 
~I 
., 
~ 
/9 
If 
17 
//, 
Jo 
11 
J.J 
;:;. 
II 
/0 
9 
<j 
7 
t 
\_ 1 ~ 
"' J 
Median 
Standard Deviation Scale 
- ~---------- - - ------ - -- ---
NORMAL PER~ENTILE CHART 
Measure (Examination) Form Date Examiner Graphs by 
.. 
I I I I I - I 
I PERCENTILE SCALE 
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By Arthur S. Otis 
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work Sheet for Chart III J02 
Line 1 Line 2 
ft, 
Grade Experimental Group Fifth Grade ExperimentalGroup 
'e-test, Modal Mental Age Group Post-test Modal Mental Age 
Group 
I 
! 
i ) Score , Freq. S.T. Per cent Score Freq. s.T. Per cent 
te~val Interval 
23 
22 
21 
20 
19 
18 1 22 100 
17 1 21 
95.4 
16 l 22 100 2 20 91 
15 2 18 82 
14 1 21 95.4 
!i 
13 1 20 91 3 16 
73 
12 1 19 86 2 13 59 
11 3 18 82 3 . 11 
50 
10 2 15 68 4 8 
36 
9 3 13 59 3 4 
18 
8 4 10 45 
7 2 6 27 1 
1 4.5 
'il 
6 l 4 18 
2 3 13.6 5 
4 1 1 4.5 
3 
I 
Line 3 
Seventh Grade Experimental Group 
;pre-test, Modal M.A. Group 
I 
! Score Freq. S. T. Per cent 
Interval 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
1 
1 
2 
1 
3 
2 
2 
3 
3 
1 
1 
20- 100 
19 95 
18 90 
16 80 
15"' 75 
12 60 
10 50 
8 40 
5 25 
2 10 
1 5 
:103 
Line.4 
Seventh Gr. Experimental Group 
Post-test, Modal M.A. Group 
Sc'ore 
·rnterval 
Freq. 
1 
1 
2 
1 
1 
4 
1 
4 
3 
2 
S.T. 
20 
19 
18 
16 
15 
14 
10 
9 
5 
2 
Per cent 
100 
95 
90 
80 
75 
70 
50 
45 
25 
10 
:104 
Explanation of Chart III.-- Chart III shows the distri-
bution of pre-test and post-test scores of the fifth and the 
,seventh grade experimental groups. Again the modal mental age 
'groups are compared. 
The chart shows a greater difference in the pre-test and 
post-test scores of the seventh grade than of the fifth grade. 
This suggests that the seventh graders learned more from the 
'demonstration than did the fifth graders. The chart also 
I 
I 
indicates that the seventh graders knew slightly more about 
the principle and its applications before the demonstration 
than the fifth graders did after the demonstration. 
Grade or group No. of cases 
I 
II 
ariable I Variable II 
~ .. ) 
:1.1 
:1.0 
If 
/i 
17 
/t. 
/.1 
/-'I 
/.J 
/:2 
II 
It> 
1 
? 
7 
t 
5 
~ 
3 
:1. 
Median 
Standard Deviation Scale 
NORMAL PERCENTILE CHART 
Measure (Examination) Form Date 
1 
l 
I 
.2 .3 .4.5 1 2 3 4 5 10 20 
IE!: 
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IL ..L.J..o"' 
.1 .2 .3 .4.5 1 2 3 4 5 10 20 
Examiner Graphs by 
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Work Sheet for Chart IV -~os 
.. t 
Line 1 Line 2 
Gr. Experimental Group Fifth Gr. Experimental Group 
e P r~test Underage Dev:iates Post-test, Underage Deviates 
Score Freq. S.T. Per cent Score Freq. S.T. Per cent 
I 1terval Interval 
ll 22 
21 
20 
19 
18 .. · ·2 27 100 
17 1 25 92.5 
16 
I 15 4 27 100 
1 24 89 
1/ 
14 2 23 85 
13 3 2.3 85 4 21 
78 
12 1 20 74 4 17 63 
11 2 19 70 
10 2 17 63 3 13 48 
9 2 15 56 4 10 
3? 
8 2 13 48 3 6 22 
7 4 11 41 2 3 
11 
6 2 7 26 1 1 3.7 
5 3 5 19 
~ 4 2 2 7.4 
3 
s 
p 
I 
Line 3 
Gr. Experimental Group 
Underage Deviates 
Line 4 
Seventh Gr. Experimental Group 
Post-test, Underage Deviates 
Freq. S.T. Per cent Score Freq. S.T. Per cent 
Interval 
1 38 100 
1 37 97 
--
:1.08 
Explanation of Chart IV.-- The distribution of scores 
ade by the underage deviates in the experimental groups of 
grades is shown in Chart IV. I 
It 
illustrates a gain between pre-test and post-test l
ithe· two 
• scores of both grades, with slightly higher gains being made 
i 
! 
in the seventh grade. The chart further illustrates that the 
scores of the fifth grade underage deviate group in both the 
pre-test and post-test are almost equal to the scores of the 
seventh grade underage deviate group for the same tests. 
NORMAL PERCENTILE CHART By Arthur S. Otis 
CitY0~-1 ~de or group No. of cases Measure (Exan1ination) Form Date 
Variable II 
- ~~nts intervals 'ncies totals centsll.l Kl Per II Score IFreq~~Sub~~ Per .2 .3 .4.5 1 2 3 4 5 10 20 
K 
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Work Sheet :for Chart V :~iO· 
Line 1 Line 2 
Experimental Group Fifth Grade Experimental Group 
" 
Overage Deviates Post-test, Overage Deviates 
Freq. S.T. Per cent Score Freq. S.T. Per cent 
Interval 
26 
25 
24 
23 
22 
21 
20 
19 
18 2 22 100 
17 1 20 91 
16 l 19 86 
15 4 18 82 
II 14 2 22 100 2 14 64 
13 1 20 91 4 12 55 
12 2 19 86 1 8 36 
, 11 3 7 32 
10 6 17 77 1 4 18 
9 5 11 5{) 2 3 13.6 
--< 8 3 6 36 1 1 4.5 
7 
6 3 3 13.6 
5 
,! 
,I 
~I 
I Line 3 ~~venth Gr e Experimental Group 
re-test Overage Deviates 
I : Score Freq. S.T. Per cent 
~ terval 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
1 
1 
3 
4 
2 
3 
1 
1 
16 
15 
14 
11 
7 
5 
2 
1 
100 
94 
87 
69 
44 
31 
12.5 
6.3 
Line 4 :l:ti 
Seventh Gr. Experimental Group 
Post-test, Overage Deviates 
Score Freq. S.T. Per cent 
Interval 
1 
1 
1 
1 
2 
1 
5 
2 
1 
1 
16 
15 
14 
13 
12 
10 
4 
2 
1 
100. 
94 
87 
81 
75 
62 
56 
25 
12.5 
6.3 
I 
. e 
:J.1. 2 
Explanation of Chart V.-- Chart V compares the pre-test 
and post-test scores of the overage deviates in grades five 
'and seven. As in the. preceding chart, the scores of only the 
I 
'experimental groups are usee. 
This chart shows that the overage deviates in the fifth 
grade made a greater gain from the pre-test to the post-test 
than did the seventh grade overage deviates. The scores of 
the seventh graders, however, were considerably higher than 
ithe scores of the fifth graders. As was the case with the 
! 
seventh and fifth grade modal mental age groups, the seventh 
graders in the overage deviate group knew more about the 
principle and its applications before they had seen the demon-
stration than the fifth graders in the overage deviate group 
did after witnessing the demonstration • 
J 
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1
'ariable I Variable II 
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Work Sheet for Chart- VI 
j_t4 
Line 1 Line 2 
-
Fifth Gr. Experimental Group Fifth Gr. Experimental Group 
Post-test, Underage Deviates Post-test, Modal M.A. Group 
Score Freq. S.T. Per cent Score Freq. S.T. Per cent 
Interval Interval 
23 
22 
21 
20 
19 
18 2 27 100 1 22 100 
17 1 25 92.5 1 21 95.4 
16 2 20 91 
15 1 24 89 2 18 82 
14 2 23 85 
13 4 21 78 3 16 73 
12 4 17 63 2 13 59 
11 3 11 50 
10 3 13 48 4 8 36 
9 4 10 37 3 4 18 
8 3 6 22 
7 2 3 11 1 1 4.5 
e 6 1 1 3.7 
:1:15 
Line 3 
,ifth Gr. Experimental Group 
ost-test, Overage Deviates 
w 1 Score Freq. S.T. Per cents 
'nterval 
23 
22 
21 
20 
19 
18 2 22 100 
17 l 20 91 
16 1' 19 86 
15 4 18 82 
14 2 14 64 
13 4 12 55 
12 1 8 36 
11 3 7 32 
10 l 4 18 
9 2 3 13.6 
8 l 1 4.5 
? 
6 
I 
'\ 
I 
/ 
:116 
Explanation of Chart VI.-- Chart VI compares the scores 
of the modal mental age group, the underage deviates and the 
overage deviates in the fifth grade experimental group. 
!Although the curves representing the three groups lie in 
;order of increasing mental age, there is not a considerable 
\difference in the post-test scores of the three groups. 
I 
Grade or group No. of cases 
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I 
le I Variable II 
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Work Sheet for Chart VII :l i 8 
Line 1 Line 2 
-
eventh Gr. Experimental Group Seventh Gr. Experimental Group 
ost-test, Underage Deviates Post-test, Modal M.A. Group 
Score Freq. S.T. Per cent Score Freq. S. T.- Per cent terval · Interval 
26 
25 
24 
23 1 20 100 
22 1 38 100 1 19 95 
21 2 18 90 
20 1 37 97 1 16 80 
19 1 15 75 
18 1 36 95 
17 2 35 92 4 14 70 
16 1 33 87 1 10. 50 
15 4 9 45 
14 6. 32 84 3 5 25 
13 5 26 68 2 2 10 
12 5 21 55 
11 7 16 42 
10 6 9 24 
~ 9 2 3 7.9 
8 
7 
6 1 -1 . 2.6 
5 

:J.20 
Explanation of Chart V.II.-- This chart compares the 
post-test scores of the seventh grade experimental modal mentaJl 
age group., the underage deviate group and the overage deviate 
group. 
On the chart the underage deviate scores lie a consider-
able distance below the scores of the modal mental age group 
.and the overage deviate group. Unlike the fifth grade, (Chart VI) 
the scores of the modal mental age group lie much closer to the 
overage deviate group than they do to the .underage deviate 
!group. 
' c 
- - - - - - - -- -- -- ----- - ---- -- ---- - ~ - -- --~ - - -- - -
' i 
CHAPTER IV 
FINDINGS AND CONCLUSIONS 
1. The Item-Analysis of the Test 
In order to evaluate the test, an item-analysis was done 
with the use of the Davis It.em-Analysis Chart .1/ The post-
test scores of the fifth and seventh gra,de experimental modal 
mental age groups were used for the i tem-analy·sis. 
Use of the Item-Analysis Chart.-- Discrimination and 
difficulty indices were obtained from the chart after the 
proportions of successes of each item by members of the 
highest and lowest 27 per cent of the group were computed. The 
formulas used to compute the p~oportions of success, corrected, 
for chance, for each item were those recommended by Davis.~ 
The value of the discrimination and difficulty indices 
listed for each item in Tables 4 and 5 are limited by the 
small.nu.rnber of students falling into the experimental modal 
1/Frederiek B. Davis, Item-Analysis Data, Their Compution, 
Interpretation, and Use in Test Construction, Graduate School 
of Education, Harvard University, Cambridge, 1949. Appendix B. 
~Ibid., p. 30. 
:l21. 
T I 
I 0~ 
:J ~ 
Table 4 . Item-Analysis of the Sevent h Grade Moda l Mental Age 
Experimental Group . 
Number of Number of Discrimi nation Difficulty 
Item Successes Successes Index Index 
in Low in High 
27 Per c ent 27 Percent 
{l l {2 l { 3 l ( 4 l ( 5 ) 
1 5 6 21 68 
2 2 3 16 34 
3 5 6 21 68 
4 3 5 43 48 
5 3 6 45 57 
6 6 6 0 100 
7 6 6 0 100 
8 6 6 0 100 
9 1 6 67 50 
10 4 6 28 65 
11 3 4 15 47 
12 4 6 28 65 
13 4 6 28 65 
14 3 5 43 48 
15 5 5 2 66 
16 5 5 2 66 
17 3 3 0 41 
18 0 4 38 40 
19 1 4 38 40 
20 3 1 - 23 32 
21 2 4 32 40 
22 0 3 23 32 
23 1 2 1 22 
24 1 · 3 23 32 
2b 4 6 31 63 
26 3 5 43 48 
27 0 4 38 40 
mental age groups . In the seventh grade six students consti -
tuted the top 27 per cent , and another six made up the low 
/ 
27 per cent of the group . The same number of students fell 
into these two group s in the fifth gra de . Becausr- ~ is 
/_,-
experiment will not be completed un 'til ~- ~otal o f approximately 
,...,. 
:1.23 
600 students have been tested, the item-analysis as well as 
the other data is offered here only so that additions can 
be made and results made more conclusive at a later date. 1 / 
:1.24 
above 20 have sufficient discriminating power for use in most 
achievement ar;td apti-tude tests. A di'fficulty index that lies 
between 30 and 70 is considered of sufficient difficulty for 
this study. 
Difficulty of items for the seventh grade.-- Seventy-
five per cent of the seventh grade modal mental age experi-
mental group answered items 5, 6, 7, 10 and 25 correctly on 
the pre-test. (See test in appendix) Although these items 
were not difficult for the students, it is recommended that 
they pe kept in the test so that so that students will not 
feel that the test is beyond their reach and resort to guess-
ing throughout.the test. 
The most difficult items in the test for the seventh 
grade modal mental age group were items 20, 22, 23 and 24. 
Item 20 has a discrimination index of -23 since more students 
answered it correctly in the low 27 per cent than did in the 
high 27 per cent of-the group. However;, this particular item 
was answered correctly by 33 per cent of the students in the 
overage deviate group. 
Difficulty of items for the fifth grade.-- The test, in 
general, was more difficult for the fifth grade than for the 
seventh grade. Only two items, 6 and 13, were answered 
correc.::::tly on the pre-test by 75 per cent of. the fifth grade 
modal mental age group. The last nine items of the test, 
all dealing with the more difficult applications of the 
'I 
l 
• 
1.25 
principle, p~oved to be the most difficult for this group. 
Item 17 was the most difficult item for the fifth grade. 
Not one student answered this item correctly in either the 
high 27 per cent of the group or the low 27 per cent. Only 
two students in the overage deviate group answered it 
correctly. Poor wording may account for the fact thatthis 
item was more confusing for the younger students. 
Comparison of performance in the three sections of the 
test.-- In comparing the items answered correctly by both 
grades, it was found that the fifth grade students answered 
fewer items correctly i~ the seeond.and third sections of the 
test·than did the seventh graders. Most of the items 
answ~red correctly by the seventh grade underage deviate 
group were from the first and second sections of the test. 
The seventh grade modal mental age and overage deviate 
groups had the most success in answering items from the 
third and most difficult section of the test. 
t~~se data suggest that the ability to understand the 
principle demonstrated in this experiment was greater in the· 
modal mental age and overage deviate groups in the seventh 
i grade than in either the entire fifth grade or the underage 
deviate group of the seventh grade. 
\ 
2. Conclusions 
I This experiment using the same test, demonstration and 
! 
---
I 
:L26 
tape recording, will continue until approximately 600 
fifth and seventh grade children from many types of com-
munities are tested. ·It will also be taken into two higher 
,. 
grades. Because the experiment is incomplete, the results 
) 
of this study are offered more as indications than as final 
values. 
l. In all mental age groups~~ both grades higher post-
test scores were made by the experimental groups 
than the control groups, indicating that learning took 
place as a direct result of the demonstration. 
2. In general, this increase was greater in the seventh 
,grade than in the fifth grade, indicating a greater 
degree of learning occurring'in the seventh grade 
than in the fifth grade. 
\ 
3. As evidenced by the comparison of pre-test scores, 
the seventh grade, in general, showed a greater 
understanding of the principle before the demonstration 
than did members of the fifth grade. 
4. The seventh grade experimental overage deviate and 
modal mental age groups were more successful in 
answering questions correctly on the sections of the 
test dealing with applications of the principle· than 
were the fifth graders. This indicates that these 
two seventh grade groups showed the greatest under-
,-..,._-or--~--·~ .,.. ,., ... -
:1.27 
standing of the principle. 
These findings suggest that the principle, compression 
of a confined gas increases its pressure, was more easilY 
understood in the seventh grade. After a larger sampling 
of students has been studied, these findings either will 
be modified or substantiated. 
APPENDIX 
_e-. 
:( 
SCRIPT 
Today I'm going to show you a demonstration dealing with 
:as and some of the ways it acts, but before I can do this, we 
Ill 
~irst must decide. what a gas is. 
Ill Gas is a form of matter, and like all matter, it is some-
hing that can be weighed and can fill a space. There are 
I J/hree forms of matter, solids, liquids and gases. Some 
examples of solids are your desks, the walls, your pencils and 
PI aper·s and rocks. Probably the best known examp~e of a liquid 
fs water. The third form of matter is gas, such as the gas in 
our kitchen stove, the gas that is used in large dirigibles 
r the air that we breathe which is a combination of several 
ases. 
All forms of matter are made up of very small particles 
·alled molecules. They are so small that we cannot see them. 
hese molecules are spaced differently in the three forms of 
atter. This chart shows how they are spaced in a solid, a 
iquid and a gas. The small round circles represent mole-
cules. Of course, you must remember that molecules are not 
large as they are shown here. They have been drawn this way 
so that you can see them. On the left is a picture of a solid. 
Notice how closely and evenly the molecules are spaced. In the 
center is a diagram·of a liquid. You can see that the mole-
.cules are not as closely packed or as evenly.spaced as in the 
I 
;solid. On the right is a picture of a gas in the same size of 
I 
Ia container, but notice that the molecules are widely separated 
J29 
very unevenly spaced. J30 
Another thing tol remember about molecules is that they 
always moving. I~n a solid the molecules move very slowly, 
In a liquid they move somewhat faster, and in a gas they move 
,, 
]ery fast. 
J/1 In a container filled with a gas all the molecules are 
oving about in different directions. The molecules strike 
II he walls, the bottom and the top of the conta.iner at terrific 
lpeeds. Because gas molecules behave this way, they exert a 
force or pressure on the inside surface of the container. If 
r 
rhe same amount of gas or the same number of molecules were 
laced in· a smaller e.ontainer, the pressure on the inside 
I 
I 
urfaces would becomt~ greater. The molecules would have less 
'oom in which to mov13 around, and they would strike each other 
walls of the container more often. Watch as I b~ow up 
By squeezing all the air into one end of the 
alloon, the pressure of the air in the balloon is increased 
because the molecules of air have less space in which to move 
around. If the space is made even smaller, the walls of the 
balloon will not be able to withstand the banging of the mole-
'cules, and the balloon will break. 
Because gases c'an be squeezed or compressed into smaller· 
I 
spaces, man has been able to put them to work in many useful 
I
I ways. 
This is an ordj_nary tire pump. When the haridle is moved 
! 
ilup and down, air enters the top of the pump, is squeezed into 
I 
·a smaller space and pushed outside thro·ugh a valve at the 
:13:1 
II 
boll tom of the pump. This is a cardboard model of the tire 
It has been cut in half so that you can see how a pump 
The round disc at the end of the rod is called a 
p p. 
works. 
pikton. The piston moves up and down in this cylinder. The 
p·ilton is used to compress or squeeze the gas in the cylinder 
I 
that it can be forced out· of the pump. When the piston is 
n ar the top of the cylinqer, the air molecules are spaced 
soli ewha t like this. Remember that molecules are very small 
II . : 
a d cannot be seen. PictUre these molecules as traveling very 
f ~t and banging against ~he cylinder of the pump, bouncing 
o if and colliding with oni another. This action occurs many 
t es a second. If I hold my finger over the end of the hose 
i 
that the air molecules cannot escape and then push the 
p Lton down to this position, the molecules will be arranged 
d fferently. In this position the air molecules will be 
i h tting against the walls of the cylinder more often since 
ttily have less room in which to move. This will result in an 
iJlrease in air pressure in the cylinder. If the piston is 
·l1w,J ered even more, the pressure is further increased. Notice 
tJ:e spacing of the molecules in this position. 
Now let's turn our attention to the real pump. As I pull 
t handle up, air enters through the top of the pump. As I 
m' e the handle down the air ii?- the cylinder of the pump is I . , 
f ced into the balloon. If I hold my finger over the end of 
tle hose, the air molecules cannot escape, and it is difficult 
t press the handle down all the way because of the increased 
a r pressure. If I let go of the handle, the air pressure 
I 
~-) 
p shes the handle back. 1.32 
I You have seen how air or another form of gas in a con-i 
I 
I t1iner is a~le to exert a pressure. Now let us consider the 
a~r which is always around us. This air also exerts a pressure. 
T~is is called atmospheric pressure. The atmosphere extends 
J:l 
s: veral miles above the earth, a:b.d the pressure exerted by the 
I 
a mosphere is due to the total weight of the air above the 
:I 
ejj rth~ As you go higher into the atmosphere, the pressure be-
cmmes less. At sea-level this pressure is about fifteen 
·[·I This means that the air is pressing pli unds per· square inch. 
d0wn with a pressure of fifteen pounds on every square inch of 
sea level. 
Let us find out how this works. This is an ordinary 
allan jug with the bottom removed. Over the bottom a rubber 
balloon has been stretched. In the mouth of the jug is a 
J bber stopper with a glass tube passing through its center. 
Jt the end of the glass tube a rubber balloon has been attach-
jd. The air pressure inside the jug is the same as the air ressure in this room, but there is no way that air can enter 
he jug. As I pull the rubber sheet out, the balloon gets 
~arger. When I press in on the sheet, the balloon collapses. 
{ou probably know already why the balloon collapses. This is 
1hat happens. When I push the rubber bottom in, the space in-
sllide the jug becomes smaller, and the air molecules are squeezed 
~loser together, increasing the air pressure inside the jug. 
lr ~he air pressure in the jug is now greater than the pressure of 
he air around the jug. Because the pressure inside the jug is 
'! 
J.33 
eater than the pressure of the atmosphere, the air that was 
Mnside the balloon is pushed out through the glass tube. This 
l1j · ~s the same thing· that happened in the pump. When the air in-
i\ . 
_ide the pump was compressed, its pressure became greater than 
he air pressure outside of the pump, and the air was forced 
ut. 
i Now, as I pull the rubber bottom down, the space inside 
~~he jug is made larger, giving the air molecules more room in 
jhich to move. This results in ~ decrease in the air pressure 
I 
nside the jug. The air pressure inside the jug is now less 
han the air pressure in this room, and air from the room 
II 
.ushes into the glass tube and fills the ball~. Again, this 
I 
I 
s the same thing that happened in the pump. When the pump 
1
andle was pulled up, the space inside the pump was made 
I 
arger. The air pressure inside the pump was inade lower than 
the air p~essure outside of !t, and air entered through the 
, top. 
I 
. : 
Now let us briefly review what you have learned about a 
gas. A gas is one form of matter. 
I j space. 
moving at great speeds. 
It has weight and can fill 
It is made up of molecules which are constantly 
These molecules can be squeezed into 
smaller spaces, increasing the pressure of the gas. Because 
gases can be compressed in this way, we have made them do work 
j~or us. We can put air into automobile tires, blow water out 
~~of submarine tanks and place large amounts' o:f gas into sman 
I 
:storage spaces for later use. Th.ere are also many other ways 
·lin which gas under pressure is used. 
/ !'I,' '' :. I 
'. 
'· 1.34. 
Man, by understanding the behavior of gases, has gradually 
1 arned how to make gas work for his benefit. 
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l •. Whi 'h one of the fOllowing best describes a gas? 
A. A substance which will fill any container in which it is placed. ~ 
B. A substance having a fixed shape. . 
· . C. ~ substance~ like water, which will fill a container to a· certain level. 
D. ~ substance which will fill a space but has no weight. 
L. Whyl does gas in a closed container exert a pressure? 
A. ~any molecules bang against the walls of the container.~ 
. B. ~he walls of the container are usually weak. · 
c.jhe molecules become heavy. 
D. ,he pressure on the outside of the container is less than the pressure 
n the inside. 
·~., Ho jare the molecules spaced in a gas under normal pressure? 
A. ~:he molecules are packed closely together. 
B. .he molecules are far apart. ~ 
I C. ~he molecules are dbser together than in a liquid. 
4• :a~t::::s ~::s:::i:m:::s:e :ove rapidly. 
A. he he1ght of the atmosphere. / ,, 
B. ~;he total weight of the air molecules above the earth. 
c. he sun heating the air molecules •. 
II D •. ·he winds blowing the air molecules. 
- 1\ . . 5: Whe:i you squeeze an inflated palloon very hard it bursts. Why does this 
hap·en? 
A. .'!eat from your hands breaks the balloon. 
I B. he rubber has been stretched, and the pressure of the atmosphere pushes 
:
1 
n the balloon. 
c. 11 he walls of the balloon cannot hold the increased air pressure. 
D. l"ough spots on your hands break the balloon. 
II b. Whi' e filling a tire vrlth a hand pump, when is air forced into the tire; 
II A. ]When the handle is all the way up. 
B. fhen the handle is being pressed dovvn •. 
c. ~en the handle is as far down as it will go. 
D. fh~n the handle is being pulled up. 
7. Wh ~ happens when you hold your finger over tho outlet side of a bicycle 
p 1 and push.down on the handle?· 
A. :; he pump Will not vvork since there is no air in it. 
B. he handle is easily pushed dmvn. 
C. :: t is difficult to push the handle down all of tho way. 
D. 'he air pressure inside the pump becomes.less. 
8. If ~ou hold your finger over the outlet of a bicycle pump while pushing 
do '' the pump handle as far as it will go; what will happen when you release 
th ;!handle? · 
A-. ~he handle will stay down. 
B. ~he handle will continue to go down by itself. 
c. :~he handle will go down and then back up by itse~f. 
D. he handle will spring back up by itself, 
-2-
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9~ At containing gas at a pressure of 100 pounds per square inch has a 
val 
A. 
e closing it to the outside air. What will happen if this valve is opened? 
he gas will flow out of the· tank. 
B. he gas will stay in the tank. 
c. ir will flow into the tank until the pressure on the inside equals the 
ressure on the outside. 
D. ~e tank will explode. '\ 
lOa Wha i kind of a tank would be best for storing gases under high pressure? 
A· ·thin elastic tank~· 
B. i tank with thick walls. 
C. ' tank with an opening near the bottom. 
D • I very large tank vri th thin. walls. 
I ll. If ill the gas which is stored in a small tank is transferred to a large tank, 
wha~ ·will happen to the pressure of the gas? 
A. ~he pressure vvill become less. 
B. ~he pressure will increase, 
c. ~he pressure will stay the sanie. 
D. ~he pressure will become less and then increase. 
12. v1.hy:do the tires on an automobile sometimes have a blowout? 
A. weak spot in the tube cannot hold back the air molecules that are 
!itting it. 
B. Whe air ill"olecul~are not as strong, making the tire soft. 
c. Who tire has lost a great deal of air. 
D. Not enough air was pumped into the tube. ] . 
13. A b'cycle tire, an automobile tire and a.trailer truck tire each contains 
air:! at 30 pounds pressure per square inch. ·which tire contains tho most air? 
A. he automobile tire. · 
B. he bicycle tire. 
c. he trailer truck tire. 
D. :· hey all contain tho same amount of air. 
II . I . 
14. If ~ll the gas in a quart jar is ~umped into a pint jar, what vvill happen 
to ~he pressure of the gas? 
A. The pressure ~all become one-half as great. 
B. The pressure will become tvvico as great. 
c. the pressure vvill bocomo throe times as groat. 
D. Tho pressure vvill stay the same. 
15. Tw . tires of the smno size are blown up. 
of 20 pounds per square inch while tire B 
40 pounds per square inch. In which tire 
Tire A contains air at a pressure 
contains air at a pressure of 
are the air molecules more closley 
pa ~ed? . 
. A. 1irho spacing of the molecules is the sa1ne in eaah tire. 
B. i~ire A · 
C. ~~ire B 
D .• )iit depends upon the type of gas used. 
I 
l6. 
l7. 
l8. 
l9. 
20. 
-3-
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T s b. and B .are the- same size and contain the same type of gas at the same 
te 1 eraturf3. The gas in tank A has a pressure of 5o pounds per square inch 
whi e the gas in tank B has a pressure of 25 pounds per square inch. What 
you say about the amount of gas in these tanks? 
here is twice as much gas in tank A as there is in tank B. 
he tanks contain the same amount of gas~ 
· here is twice as much gas in tank B as there is in tank A. 
here is only a little more gas in tank A than there is in tank B. 
happens when you pull down the lever or plunger to fill your fountain 
? 
.t A. The pressure inside the pen increasesJ forcing ink into the pen. 
B. ~he pressure inside the pen decreases, forcing out the remaining ink. 
'I c. The remaining ink is forced out because the pressure does not chango. 
" D. t'.I'ho pressure inside the pen increases, forcing the remaining ink out of 
the pen. 
A ~lloon is partly filled with gas ard released into the air. As it rises 
hi her, which one of the following things will happen to the balloon? 
.I fl. ![t will get smaller. · 
B. l~t will get larger. 
C. Wl.ir vvill enter the balloon. 
:0 • /fhe gas will leak out of the balloon. 
So '·etimes passengers in airplanes flying at high altitudes notice that their 
fo tain pens leak. Why does this happen? 
A. i~he air pressyxe at high altitudes is so great that it forces ink out 
lj~f the per;.. 
B •. ,The ink is warmer than the cold air at high altitudes and leaks out of 
_,the pen. 
c. ,'The pressure on the inside of the pen is greater than the pressure on the 
·outside of the pen and the ink is forced out. 
D. ,The pressure on the outside of the pen t.s greater than the pressure on 
!the inside of the pen and the ink is forced out. 
I 
VJh r does liquid stay in a medicine dropper? 
A. Tho pressure on tho inside.of the medicine dropper is less than the 
'pressure on the outside. 
B. ,Air in the rubber bulb holds in tho water.. . 
C. iThe atmospheric pressure is loss than the pressyre on the inside of the 
.medicine dropper. 
D. •. Air bubbles keep the water in tho mediCine dropper. 
2l. Wh 1 are you able to sip tonic·through a straw? 
A.. Because the air pressure in the straw becomes less than the air pressure 
which is pressing down on the tonic. 
B .• Because the tonic is a fluid .• 
c. Because the air pressure in the straw becomes greater than the air pressure 
which is pressing down on the tonic. 
D. Because the air pressure does not change. 
···-1: 
22. 
23. 
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As :ian automobile travels up a high mountain.; what ¥rill happen to the tubes 
inlthe carrs tires{ 
A. ,IThe size of the ·tubes will increase. 
B. liThe size of the tubes will decrease~ 
C. , The size of the tubes will remain the same. 
D ·!The tubes will get softer. 
Vfh 't enables 
'I 
us to breathe air into our bodies! 
A." liThe chest cavity becomes smallerJ forcing in air. 
B. liTho chest cavity becomes larger, increasing the pressure in tho lungs. 
C. 'iThe chest cavity becomes larger, decreasing the pressure in the lungs. 
D. The pressure does not chango) but the lungs get larger. 
24. i1h~n pressing the hands against the lower ribs during artificial respir~tion, 
wh'flt happens? 
A. liThe chest cavity becomes smaller, forcing in air. 
B. ijrhe chest cavity becomes larger, and air is forced out. 
C. lthe chest cavity becomes smaller, and air is forced out. 
D. '!The che'st cavity becomes larger, and air is forced in• 
25. A werson whose body is paralyzed in such a way that he is unable to breathe 
weil is placed in a machine called an iron lung. How does an iron lung 
en~ble him to breathe? 
A. 'More air is pumped into the iron lung so that he can breathe more easily. 
B. The pressure on the inside of the iron lung is increased • 
. C. The pressure on the inside of the iron lung is reduced so that he can 
breathe more easily• 
D •. The pressure inside the iron lung is increased and then reduced, forcing 
air in and out of his lungs. 
26. Th Weather Bureau uses a gas-filled balloon to carry recording instruments 
into the upper air. This balloon eventually breaks·. Why? 
A. The greater pressure on the outside of the balloon causes the balloon 
to got smaller and bfeak. 
B. The extreme low temperature at high altitudes breaks tho balloon. 
c. The lower pressure on the outside of tho balloon causes tho balloon to 
expand and break. 
D. Ice crystals form on the balloon and crushes it. 
2:.7. \Vh ch one of the folluwing statements bost explcins how a vacuum cleaner works? 
A. A fan on the inside of the vacuum eleanor blows air through the bag 
which collects tho dirt. 
B. A fan blowing inside the vacuum cleaner reduces the air pressure on the 
iinlet end of the vacuum cleaner. 
C. ·~'. lectrici ty cause:s. air to be swept into the vacuum cleaner. 
D. !Moving the vacuum cleaner back and forth over the rug causes dust to be 
~~ icked up·. 
.. ..,. ....... - ... --- --·.-- ~·- ··~·~:•;-;;:~ 
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